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1 
atlQWCTIOB 
Tk® fart ®®r^ »«tals «r« s© siallar in 
stnie%mr«s «m4 f:ropBrfel#s %Mt; tTmj off®r m ©-jKcsll'Sat ©ppor-
tiiiiltj f#r th«. ®vitlmatl<» ©f existing th^orie-s of and 
possibly f®r fefct ©f * »»« prmlse ©xplauatlow 
for the r®la%lo»t'b% of the f(rop«r|te» ©f a«tals their 
«l®etronle mtvia&twpm* Pm ®8 tb® at ©ale wel^ts 
tk« rar« liier««8tj|. Is a r«g«l*r d®@r«fise 
ill th# a%.oMit VQltjfflis with tfe« #i^#ption» car ©tar-oplwa,. ytt«r-
fel»i and po«:.aibly a«ari«,. wiileli li«« a atcmde 
volm® te ©'©aparii#® to tfe« -o^er rai« «artli and of 
e®rlxffli, pr«»«®ftpiliw #alete bave atOTle mlmma 
low®r woiild to® @*ps®t®<i CJ.J* Sf eoofiraiog tlias® 
variations aat ©©spirisg fel4®» tfc® dtffer«»e«a of oiai®r 
»«aswratol® •properties, »mh «« »«%al-*®tal bond str®Rgtlis, 
point» ami feoillng poluta, »««. ©orralatloa of tMes® 
proptrtlss :idt1b ©laetroulo atmetw® of the a%-i»s aigbt; 
b® »ad#, .-ffe® presaat l«v«stlgatloa of %&« pr«p«r'«%l©» 
propetrtl®® of thm r&m ©artti Mtala 1® thm l»#glmila.g of an 
Qmrmll prograa ©a ^la 
:pisr« «alt» for t-ti® pi^paratlos of pw© rar® aartli aotals 
war® «¥«llabl® «« a r«»wlt ^ tta»- a»v#l«3p«efit of a vmthed 
for tfe® saparatlon g£ rar® ««rtfe® by ©ttaera at tMs labora­
tory (g|» la proiisetttg a«tali,», tb® a«tallotto«imi® r«#metloo 
s 
proe##s,# « ©f tli# Soldselialfit Tmm%lm W, 
was ti««# ©xfltisiwly,, pmtXj hmmnm ssn exs^lleut priiesdtu?® 
involving fehla pplneipl® was p©ff#et®d fop @«rl» at tbl# 
latoepatoi^f inriog tli# w«f| it al#@ l@»ds itself t© th® 
prsp-aratloij of ¥®ry, pwp® a®tal# m « »#«1® doww t© 2B j^rma. 
By #0»tt®lllng til® purity oi tb® r»met«i3t#,. eetais fr®# of all 
©tte«r Sffipiiriti®# mm pyep^sr®#. ®lil® is m% • t^n® in th® 
wia«ly m»®i wttioa t&v prmpmring w&m ®artli m^talS' by ®l«e* 
tpolytl® i«p:0«itl0n trma fn««i .salt toatfcai in this pfm^&arei 
only mrj ©•ontrol will r®i«©» tte® «t»«l iron and 
silieon i»p«rlti«.8 to l«»« Wtm ^-*5 ©®Bt* Moreover, in 
til® •®l«eti'#ljtie mmth&A tm p»ati©l»g mr® esrtli ^tals, it 
feaa 1>®«13 f®«ni tbat tla® diffiemlty ef pwpapati oa of tli® 
rai»@ •©ar-Wh ii®tal8 tmr®meB m atoaie wtigbt iasreas®®! ttois 
pli®noii@.noo is e©rr®l«t®d with th® in€si'@«»®i "rolatility of 
th# halid® an€ th® M#i«r aeltisag p«int #f th® ffi«t®l» ®i® 
hii^®p ffidltiag poiat ©f th® s®tal u#®»sslt«t«s el®®tr©lysis 
at M^®y tempmrntwrnm. in or&m- t© (iJtain aassi^® w«tsl, 'te«t 
«t th®s« hl#t tmimrmt'mmB tlisr© is aa ®xe««aiTely l«rg® loss 
©f th® h«li<5® Am t® It® M,^. ir®i®tility.,. MthotJ^ this 
aiffiewlty has h®®3Q partially «®lwt toy farlews «eb«i»«», m 
»iB!pl@r p'o®«<lmr® womM iavolv® th® w9€wstlom of th® halia® 
la a r®fr®®t«^»lia®4# s®ia«€ f%@®l tmb® Im whieh th® v«p®r 
pi?ess«r® ©f th® halia® w®ttli ml& .i»«th®r thaa hinder p®«®tlois:, 
fh® physieal pr®p«rtt«® <o^ th® mGm ^mmm rar® ®ar%h 
««t»ls mi^t to® «xp«®t«i to h® r«tl»F wll ®stahll®h®# stmm 
s 
their Im tli® »sslv@ ®%at® was a®ei»plish«d m 
mrXj mm l'iit:$ fym fc© thm €if fletiltj iH' ototaiaing 
|jw« s«lts dt mmn fb® mm-m wmm- ««rttois and to tfe© 
Feaetivity of fcb® «®t«ls mhen pr®p8?®€, ttoeys is littlt agr®«-
went 01} mwm. th« B#ltiag paint, ,pi?#p#rty mswllj a«t®i»-
first ©33 « *st«l# In « retiw @» par® ««rtb »«t«ls 
pmtolis&fti iii it4i C4l iwitiBg p®iat <if B»piw aiital w®a 
r«p®rt#.d m wiatrtas th« teaBpcpatOTSs b«tw«#s ffS SRd 
mr® wmally «e#®pt®a <!..)• It is #via®f5t- tfcat a 
fmrtfcer iw«»tig«ti©B «f tMa property «»» la ord®r# Sim® 
tlie wiasi»"#»@nt ®f tto® density ©f tfe® »®t®l. gites a goo4 in­
dication ®f its eont«lti®ti@n toy slag ©r'g®® pmMts^ this 
proptrty w«« i®t®mln®d ultlicna^ ttet falm®® in tib® llt«s»«tai*« 
mm in agr®®a«ut# Htrdne#® mmMwtmmmtB w»r® ala® taken in 
e®n|ian®tl®® «itli stiiai#® ©n tM »«®h:8ni®ftl working of to® 
metal* 
®i® stmdy €$ tli® if«p©i" pr«.ssw« ®f tla® rar« m&rth aetals 
is of lnt«r«»t m a pr«©tieal and « tli®or«ti®al toasis. Prae-
ti®ally,, tb® feasateility osf tli® sep-armti®® ®f th®- rar® earth 
aetals hy distills tl-®i is dt int®r®»t, «in®® t^is pr®e«dw® 
eottM to® ms®d in ®©n3«aetl®n witb ®tb«r metbods to aeparat® 
s«® of the rar® @«ri^ a®tals althots^la having alaoat 
identical ©beaieal pr®]perti«».|j «y lia^® sli^tly different 
pliyaleal pr©p®rtl®s« t&eeretieally,. tii® d®t®«lnati©a of the 
vapor preBswpm Im ^i-mit® tasef^ in eiralmating aoa® of tl® 
feasi© eonstaata ©f a aetal# Aeewpditjg to tfe® 0i«islms-' 
4 
plot tk® l©g«ylttoB ^ the 
pr©Bsw« ligaisst tsto® F«®lpr-©#«1 ®f th« tf®p®r«t«0p® 
ea® b«. «:Etrapo3l«%«€ s» « lla# to ®s%«l?lisfe 
^©ill'Eif p©la%| «1«© tM h«at ©f irapwi-ii«fel©» sail fe® ©«lis«-
fF©ffl th« sl®p®# If til# li#*t ©f araa %.!»: «p«elfie 
•feftttt of a«tal, mm Is-wawm, th.% li«a% &f •tt®Flzafel©ii ea® 
to® ^s#t -dtBsetli- t© ofefeitla til® li®«t of wMeh la 
a a®agtir® of tli« to®®^ stpeagfefc* 
flie «ffm«ioa wfeteofi tm fell# ataaweMBt of Taper pr@s-' 
swea,^ fe«s®4 mm tfe® wm^k &f 'Sramis#® fSJ#- was «««4 f©r tii® 
d®t©Mili}afel©u ^ tte# -wmpm pwagar# #f ©wlm ia«tml» m® 
p«rtleiil» pr©©®dw© '©Mploy-ea w«s a aioaifl©«ti®i3 of tliafc 
#«T®l®ped bi- fblpps •©©•w©rk«p» !#}• A® first appliafl 
til® «s@ of t# tbls typ# of protolmm, 
tn tto® effusloR. matliea fcfe# w-mpm imm W"'^ wm, to 
10*® »»• of Bg •»€ W©rk iia %Mt lew pr©-ssmr® 
rsog® Is yartiftmltrly 'ttseftil fee »#tel® as ©«rl» wli®se 
vapor i»r«ss«r«s «r® .»© low %h«t a@astir®a®Bt ©f ¥®p©r pr®®-
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©!« meth&& of prodnetng a#tals 
fiTmt 'u»@d %m a.ttmmptM pmpmp9 tM of %}i« rar#-
Im 3L8SS, mmmAmw CSl mrmm ©bloipifi® by 
»®»s ^ tm otet*la p-o«a®ip»4 it«feaj. b'«il.y @#ntralnat«d 
by sodlM m& aMlma Mt lo p©or yields» In 184®, 
B«Flisg«r (f I wsiag t&® »«thod tim pp®p«r«ti&R 
of « gr«y pwdteF of ©,#rliBa wMe& la feipo®la« 
«iii s«lfw». lai»lfEi« in lt§3 (10), »Bd WStol®!* i» 18®f 
Cll) ®apl@y#^ asQ^iw tb« ©tfeep «lkaii""'*®fc«li wifeli a 
sinllfti* In 19tS,, &®»0ys |lt| r@go3pte4 tliftt he was 
•rajatol© t© pmpATm mj ffl»tal fey %b# of sdfiliw ©a 
aeodyalw- ©hloFia#, hut In ItlS, «»i, IstMiayr (13) w®r« 
»bl® t© r®€wS'® ««!•©«,# elil0rl<l« by •jg©iiim potassita -mpmrm 
In hl^ fse^ta at 49§^»f iimmmT., tii«y Aid r®port ise^^lat® 
f#«e%l®» «8<S ol*fcalM#<l « wlxtwp® e€ mrltm ®»%al powd«r «»S 
soSlia potaifiliffl ©liloi*ldt» fh« last r®poi»t«d «s« of th« 
alkali aatala t© pmpmm th® ««tal.s ©f th® rmte aartha fey 
3?«diaeii^ tha aofeyfirott# feallias was pmbliahad In ItST toy Kkmm 
ant Mmeam:r (14)* Bfeay pirepared tba «a%ala of all tb® rare 
a«:rttoi8 a« ponnaars toy h® at lag th« ©hlisrMas and ©ne ©f th®-
alkali aatala at taraparatnipas: fpoa '^ g0'§-400'*C.. Tfcay ©laimedl 
partial gm^easa In wdaelsg ®v»r the •dlTalant rmre emrthst . 
aaaarim, sw®piws a-iid yttarMMi.. fha poiwSared matal was 
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©xli# i® ©f hja.r©g@n m& ©f »itrog@ii wl^& 
• 8l*loiBB load eftleln® «nd ^talntd tl» byartd# oi* nitpM# 
©f th« w»» witli ©©fi© oxld© by 
B&hlftew (tl) t© yl«li « pyF-©^©Fi© -powi^rs l.lrs©fc (it) 
att«fflpt®€ i^Jmtlons ©f ©«rt© ©*td# with ©aleliiw 
8U;d aliralffii® -aM ^%«ta©d pjmpkoTi& mll©ya i® ®«cto eaa®.| 
wit& ©aipte©ii m4 silt&m hm ©mrtetd©, -CtOii,, aoi^ tim 
silleia®, ©•.Sl»-» ipesp@®timely, A ©f p«t«ats h&m 
hmn «tw«t€®d tm tto# pi»«p«3patl<MB ©f -mvivm ««ta3. trm th» 
©xMe* 'loto©- (231 p«fe«n%©'i tti® 'I'tdmtldo ©f ©srl© ©xldt® 't© 
a®t«l hy tto® tfa©Tiiite pr©e«ss MsSaa-g ebl©r»t®« a« *%©oafc©Fa*, 
Kmxml i2%) wm» mwmr&mA m patent for tlJ© i^iuetioa ®f ©sri® 
©acid© by enlei'M, and S» ?• Piillpt sio©ilaap©nf«bi»i©k {2§) 
<Eft»talB.©d « pateat. imp' tli« pi»tpiti?«tl©ii of fyFopb©!-!© ii©fc«l by 
ijeatlEg ©©fi© ©xii® id fell sir©©nlaB. Mmmrmv,. ®© was 
emv eoffl»rei«lly pToAmm^ by %hm% M«thoda «3Bd a »a»b®i» ©f 
pap«rs %h&t Q© mmtml ©oitM b® pf9dMc©d by fariotis 
i^«eti©iis ©a ©©ri© ©add© fca'r« «pp©«ap©d» ?©r mxmupl^, MoMen' 
(IS) f©p^ort«d tiiat h© ©omld'TOt pi*©paw ©erlOT by tb© 
tbttiwdt® r©®©ti©« witto aliwiaia, ©aleltai ©r «agn«siiaB as tb© 
r®d«©i'i^ ©g©»t, m& <16) wm wsabl© t© pr©dm©® 
frM ©©J?!© 03cid« witfe ©itber sHi©@» ©apbid© ©r «a®n0sii3ra 
as ^©dmetaisfes- fteep#f©r® m% fcb© pTOs«nfc tli®r© appear© 
fe© b© m «©-tli-od ©f ©btaiaing ««ssiT® ©©riia astal frcai tti© ' 
©xld®8-« 
» 
fil# cMily hf wlileb ray® metals hmm b«@» 
proam®i 1» twastltif «»d of smfJ icient parity t© «©rlt 
a»t«mlalEig tliii pi^pepti®® is m&mm* 
'fil® *©afe «s@t pr»e®s» latrol*®# tto® ®l.««feyolxsis ©f 
til® r®re ©artli ««t«l twm a a©lt®» gait of fclie r«r« 
m&rth faalli® «iss©iiiNi€ liEi m mIseIew® ^ 
Til® first t0 uae tMs p'r®©«€»e. mm ««i:<l.- lort©ii 
(t6, Sf), im IBfS, gi^«piiF«€' til® mmvivm.,: las»tbania 
iynt, M&ymim in a mhmTmmt t&m toy &f tim f«s®«t 
eblori€«s towerm^ hj m Imjm of «^ooi« ©tolerifl® aad li@ia 
ia m furems e®ll to? « eMiaa ©bl^ride-potasslOT 
•efelorld® «mt®etle aisctw® ia a f©r@«lal» ©rmttei®* ®iej ias«4 
is»:0« gli»0t as til# &m®&® ant lit*@s ©i» plstiata wire Ms the 
©atliod®, ms® »®%1i.€id «#«<! «t th® pr«s®®t ti*® i« 
tfe® s«t®® as that «apl«y®t fey tfe® ®te#T® mmthmsp with refine-
aeiit# %m el«©tF©a®s «fli ©racllbl® t0 av®ld ©#Qta»l»«ti0ii-» 
first t®' |)r«p«.r®- aasaiv® aetal wsr® Xtttl3M-«oa 
Ms eo-worter® {SS, tt, ®0) w^o prepared ®«ri»,, laatfe«Bii®, 
»®®€faiiBWi Rsi pr®8®@4|aii® aad rnmMur&'A tii« aaltiag p-otets. 
ire«®rs (lt» ill :bas als© prai«©®€ « Bwtesr ©f fh® rar® 
eartlis fey tliis w&fcfeod and lias 44®t®mii>«# tfe«ir properties. 
®h® fflost r®e®icit workers in tliis f i®M ®r® ®p®«be e©-w«rk®rS' 
<lf, 3S, SS|. *te0. ifflprowt ®l®®t:ro3.yti® ®®11,« toy 
m«iog »olyM®»«« ®l#®tr©a®s and a w®t®r e©ol®€ eopper em-
eibl®! %ii®y r®p©rfe®i th® pr@dmeti®« of TOtallie e«ri.iiB, 
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d®sti'oy«i If as.s«©l.vl«ig In h#l; ttltirie «eid ftecordlng t© 
tJs® pi»@b8l*l« r««et;t©.ii# 
§«aCCa©^.|,*§l«t * 1S1»% —>• t • 
. li%0 -I-
fliis »t®p l®ft tb® ©erliffli in tlji B3?©p#f fora tax- s#|s-iiratl©o 
of tb©f»im toy mm li>4«t© prselptta%l0» using ® *@€ifi®afcl©a cdP 
tb® TOtliot ©f *®y«i? CSS I «b€. Ctf) for tli® qmaafeita-
fciv® 4®t«miwati0a ®f %ls€a»l«» im feb« pmBsmm of e@rtiM. & 
tb« proe©aw« as ^mrlhrn^ by feh© «b®ir© author#,, th® fcliorlw 
4@di«t« is fr^- « ® aowial aitfle mM solttfeioa 
tso ©ffe^t a s#p«iP«t:loa tmm th« t;rtval«ot e«i*li*. It baa 
b«®a foBUd tfcafe, mt tfe® w^vf reeoa-
tto#r« Is iae©K^l®-t« pr©eipitafei©n ©f th® tfeorim. 
ly .r@iwe1.ng ttj© nitr.!© .«©!€ emmm^r&tlm fe© 0-.S t© 1 iso»al, 
til# t]a©ri'Bii- i©#at© pr®elpltst©8 eoapl#fc«lyic bmt ©arri®® 
al©teg m »aall of ©©riw. Sto©« It wms d«8lr©S t© 
tm'me t&»riiii-fFee ®©ri»., mil tliOpl*» pr«©iplt«tl0i3a i»©r® 
a«a®'fjp©« tfe« 1 nowal «©it eoncepti-ati©!!.. Uft©!* th®' tto.©!— 
Im was rftfflowd-j, tb® •x®##,s i®iie ' «e.t€ mm. 'destroyed toy 
for»is a©i<i, tb© ffl©st of tb® i©diii« wm distilled. 
t#p»atl-Qe Qf ©they mm ».arthB< flj« rar® ®arfe 
iMpOTlti®.® WF® 3P®a©v«a iitil.i2lag on® ©f tt^® dlff«r®iie«8 
1« til® ©toMieal pmpmrtlms ©f tetrawleat ©©rlw trm 
tli©»® ^ th© re»«lnlng trlval«nt rar® ®*rtto.s by a »©tliod 
p«blisto.®d by ^itb, s«lllv«a ^d Wrmk iW)* ©b® 
M 
aapiifsfelsa is aseoi^llsk«4 toy %&§ siilfc, .©©rlw 
«aoai«a iiltipat«, fwtm m eone«i5tF»fc«<i aitpie scifi sQXutim, 
tfe® Tm& «.sptb« la s-@3,«fclois.. 
f© pwepmtm tli® flltrat® .fi*o* tiiorlM reao'ral -step 
for tMs tto® trlwalsnte e«Fii» w«8 «l@©tr#lyt:le" 
ally ®xldi««# to thm t#trair«l«at ifetifc®. Wlmtlmwi ®l®etrodi©s 
m%m m0d foy fcb# ©xt€a%i©»| tte«y eoati»t®i ©f m iiieS® stip-
r©«a#®<a hj « p#p©«8 gl«as dlaptorM iwi of a ©«tt©d« with an 
at*#® tfer®e tiia®® fcfeat of tli« Wmw aoles ©f e®.rlwB 
wmre ©3d,dl««tf Is ®a®hi vm toy it««aliig aioe Mp®r®« throta^ 
•th® for fi?« IS %m 14 heittM, tlim# applying 6 t® 
imTmiLmfm ©r a t® 88 fei* ®«ii% ®'xe®ss ^ Si® ewp^«nt 
to @xMl2© tb® ®®rlw. 1© aaalyais w®« aad® to 
ch®ek tb® ®ff£el®»©y ©f tMs Qsciiafcloist, bm% ©tbejp lawsti* 
gafcojps est) li®v® sfeoiw ft tm to® gr«at®p t&aa 99 par- e«nt 
th® 9S per e«nt yi«M lu ®rysfcalli nation lnileat«d tliafc tlM> 
@3d.(i®tloa w&s mmrlj @«ii>l®%®» 
fb« t®fci»av«l®»% olfcyat® solmtl®©, was eou®«ntrat®d 
%y ewf^ratlo® «i^ »s t.b®a e.^®t»lll2sa ®a e.erlira 
BltF®%® l>y tb® ©f «®1®® ®f mmm'lmi. 
%© «»eb »®1« &f &i§rtmm, m M p#r eeafc ««®«ss.. ffe® ®f^s%al» 
w®i»®' 'WlfeM e^uoftatrat®# »t%ri© ««li on a glass 
fil%«f «i»i -mm pitrtially irf®d toy drawlBg aly %fe,r©w-gb ife® 
»«ss- f®r ae^mTKl iimrB* 
Ig 
Qthmr mm »arfefaa. 
FIB*® -mrthsp saaariwB. 
«3»1' fttrlwA w#r# ctet«lp«d twm &ia&%lm^3p #®-ett©n of ^Is late-
©ratopi-, wlmr® h.&€ to#«a i«par®t«d fej •lutioJQ- tiirorngfa 
an • AHbei-lit®. eel,is»». witM .eitrat® »©lttfcl0a 
fr®p«p«tl©a of tb® iintojriFsma ball<i®a 
Mtmr til® mwlm salts w®r« reeo^ei^d as 
tilt ©hloi-ld® «sr as mvlTm mmomi'm nlfer«t®» aitrata wss 
e®j3i«rt#fi t© th® ehloFlda fey ilssolflug In eoacantratad • 
tifdr®ehl0ri0 aeli,. b-olllng lastil tl» ©wlntlou of nitrogan 
tatiPQEia® tvmeM eaa®®^ and FSpaatl:^ tliia pr®e«»s* fhls 
trefttKftBt -fiestroja a larg# ppopartslom ©f tba Rltrat® ioa 
•|ii*«s«at, bmt d©®s not preAwe® a alti»at«-fi^-@ «©l\itlon« f© 
«ff«6t ttoi e«pl®t® «©aTOrsi©a of ultrat® t© Si® eblorM® 
tb® wlxtur® ©«i*©w eMsrli® aud ultrat« was ©rjatalllzad 
b^- bolli^ ©ff th# wat®!-- until t3a« t'Capsi-atar® raaebed 13S®(3.. 
&m& eooling ibll® atlrriag. fli® ©i^stallla® byirat® wa® 
tb®R' li«at«d m&mr m mtmmphem^ ©f &y byiyogea ©blojrid® at 
rodm®d pr®«sw:r»s* Aft®!* tJ» wmtmv ©f fey€ratl©a b«€ b«®n 
peM©¥»d by slowly raising t&« t«i^Mt«i»» ^ef tb» adxtur® t© 
tb® t®«i»-r»twe was li»e.ff«««#€ t© ^low tbia 
t®fflp®i»atiir® a»y ^©MalatEg nitrat® will €®©c«p©»9 to foiiB tb® 
oa^eblerid® I tti® i»®««i»ing m»oh1im salt will be distilled 
©Ter t© tb® #ol€ ©.©€ ©f tli® Airy lag tmb® as a3B»©aitia ehl©rl<S8. 
is 
mi mermw ©lii#ria« m& oxy&Mtm'Me wm. 
dias^iwd hf hmmtlng tm feyfiroehlerie a#l^ 
«iii tli« f ©imti©® %r«attd mm €li«eiiss«a 
fla® ©M©rid®8 mt mrlw ©r th-« ©xia«« fee ottos-r rmw® 
i #«Tfcfes stmil«d whl0b^. IR #ontf»gt t© &m m&Mlf sel-
•abi® la ««tds wmm ai;jisol¥«i^ la iS0®©«Bty»%«i .j^ai?oehiori© 
a©M» ffa# «©lmtl©a -mm hollimg, «»%il tb® 
r### t# «pp*'®xt»atslf afc wMefe 
taaperatw# it was «©oie€ ami, e:i?ys%ftllts0a to, a flu® pmAer 
bj ©©utii«©m# stliM?l.ng:# fto# t««p®FSt«F« rsqwlra^l to dri¥® 
off sttffieieot wat®r to pe»it erfstftllisatieR is approjdl-
m&tmlj mme tm ail %h» ip«r® ©mrtli fe,aita«s, tli® Tain® 
listad mhmm hi^ #»ow^ to Insairs EI^stalllsfttioa OB 
©ooiisQg la pfastitallf ali msm, 'hm% Im aaongti to awid 
th« foHiatioa of osgrelsi^^pida.by th« ®-xt®««iv# daoOTipositioa 
of tfee fejapat#. Ito® liyarat# eontatus seven waters of erystal-
ilzation !« tli® ea®® ©f earltM and. prasaodi^lOTs and six waters 
©f erjstallisation tm tfca eas® of aso%ad.i» aiod saMarlia, 
fha prc^sad-ai^ of ia»l]^@&8»i a»i JKraaara was tas®i 
for tJi® p»par«tio« ^  th» msi^^woum ©faioriia# It eoasists 
of pas'siisg dry feyirogsn eliioriSa gat mer the h«at®<i liydrata 
at ra^mail pi^-ssraras. attfeod feas baen raportai a« tea lag 
tiia «ost satigfa©t©.i?f for tie praparatlon. of rerf pure an-
hjiiroMs haiida# C4i,. jp. 29). Ifea «smai p^mm€wp9 tjsad ia tba 
^te^iag raaa eonslstafi &£ aiowiy rai«iiig.tfea taffiperatur® of 
ttoa hf-arata fro® te«i@« to abova wfcli® pass lag 
If 
tltroia^ Jiy«lr©g«B g«« »• pi*®«0tjip« S ea. of Hg* 
Coapl®tslf «jliydroaa CaCln w«« ^talia.®€ la It to M tooursi 
til® ,!ifir«t« iwas n©t p©mltt«fi t© M®lt sine# tBi» 
w#«lI€ ©TO## tto# fo.i»atioB ©f tto® ««l.t p3?o-
dm®## 1» qwlt® Mygi«®»eepi© ana wast 1»« bamiltd In a drj at-
»ospfe®r«» ffet »®xi*OT teapdratiar® to prMw® m* ' 
bydroms #hl.®ipM«s %.© ttoi^ »&#¥« amtfcors'Is gi§'®C.| 
tls® .lil^sr tewpttratwf '^ &i was t© iissur# 
til® imtollasti^. of any i^aaialng mmmmiwa^: eblerld®* This 
pi?»eaiati©B wms B@e»»s«f»y 'breams® ©f tfe® larg® presswss that 
©o«M be g®a#F«tea lu tb® i»«duetlo». to«b toy the gas®©iis by-
prodTOts ©f tfa® i»«dtt®tlon ©f w»©o1«b ehiofM®. by ®aleli»» 
ffe® «liydrotas fimbria® ani ioAMe of saaarl®®- w®r® also 
pipepttp®.d la tfe« fttt®apts to fibtalu .aaaarl'iOB metal# Sa« fltio-
i«ld« was »«d« by pass teg &ry .liydy©g#« flmerlie owr smaplini 
©atalat® slat hotira. ®i® 
salt p»ep«r«d was #itt® «»€ r®l»tiir«ly- Boa-liygr©s©©pl©| 
aaalysls i^le®t«€ that Ita fswMla *»s Ai^ydroiBs 
s«arl« lodldl® iras obt«l»®d by au tot'laat® alactw® 
of iTOoai» lisdid® sBi. tb® bydrat®d s«arl«ffi l®did® isider a 
•st^««m ©f liydrog«a i^odlde a©e«Kriftlwf to tb« »«tliofi of laataeb 
a*jd Skalla i4B) im a mmm^T mml^gonm t© tbat ms«€ to prapar® 
tb® eMo-i»id«^. alttomgfe at at««>spliti"le prssaw®. gmmm&un 
liydrogsa Iwltd® «fas pp«par«€. aeeorili^, t® a stsudai^ proesdmr® 
C41, p» ISf) by pasalug » »ixtw# ^ Isydrog®® ai^ l-©dla» Tapor 
©v®r pl&%lnimA «sb«at0s at mo**Q* fto® fiaal't@»j^«»tw« ©f 
18 
tryiBg tbe s-wbliffiafcl®a ©f 
tfe# OMeniw i^ii® |>F»®®at* ®als salt was ll#it gi^»B 1» 
©.#i©y sM mm qnitm toygF©s®©pl®« 
A je©iir%li ®«wp©«aii of si^arlw, %hm tl@tol©rld«^ was pp«.-
parail for r«4w5t!i©a att«^t»* Hiis ecrapowBd wag ayRtli««ti«4 
liy F®d«©li^ aAydrens trl®lilorii:«.,. prepai^d a« deaerlbe# 
ab©T®, toy maa-iaa -©f « alsctmre ©f hydr®g®a and iry afflB»©afa 
paag«a ©t«r tb« to«ftt«a ©Morti®. fto® pr©eei«r®, w©i»k®d ©at 
fey Jaataeis,- ltpl»g ani ;S««« (43), eoaslat«d ©f paaslisg 
toydrQgt^ ovtr tli® ©blorltfe «s tfe® ttaptrstsr® was raisail t© 
tto«n to also add »m©'iiia i« tfe® rati© ©f tw© 3b©1®s 
of awionia t© ®a©fc »©l« ©f fcydragsa a@ the t@ap«r«ttir® was 
raisad to e©«pl«t« r«®etl©JO was obtained 1» IS to©«ra. 
fb® a*©»la ^was drlad %y passing mmr pot.assliai .hydroxide 
.a»d tearltM ©jd-d®., tw® wry g©od d®toydretlag a,g«J3ts» fli® 
bydr©g«a was elaaaed. by passlag ©wr liot wpmmlm& asfcal ,powd«r 
afc At tM« t«ii|j®patw® tli® wp&nt^ rsm©v®® all tb® 
iiltr©g«a and ©xygea, bmt p«i»it» th# laydrog®® to pas® ttorongb 
(44 J • 1^ til® aliov® pro©®dw« ^0 '&"mm ©f s8aar©«t di©hl-©rld« 
was ©tetaiaed la tw© was. S.in@® t&® dlefelorld® »®lts at f4d®C., 
it fead f«s®d' ®«d wat ©to%«laed aa a ©atesd, ©teoeolata-torowa aass 
1» 'tti® gill©a tray#» 41ttooi^ tM® ©rlglnal workars r«p©rt«d 
B© raaetiojs te®twi»o feb® alllaa asd tb® dlafclcsrld® b®l®w ^a®0., 
tb«r« wa# mwMmm ©f a s-li^t raaetloo la ttoas® praparatlons. 
For this raason tlj® layer of smmP'&mm ©lilorld® 1» iiBBsdiate 
©owtaot with Wm- ©raelfel® was m&t «»®€* fh« diasarded 
%9 
©iilwid# was la wa%@i? wblslt ts-
fiteates ttoa-t; tlisr# wm @r m& slliea ®r ©ay^blorld® 'is 
tto® sin©« thmum «FS l)©%b tas©lmbl«« Mtmr grinding and 
tfa« mmmmu& ^ieliloipld® • liai tb« p®a»bF©wB eol©F 
d«8©rib«4 im 
.a^SSMSIE 
fii# boiifeg w®F« •toa«tirtte%ea fip« standaM felaisk mtmel pip® 
hf weliiog « toQtfc* ®f -f iM» pl«t® m mm fli® fcop 
®f tli® h&mh *«s a gtaaditt'd s%»@l esst 
if»on pip« #ap« Wmr mtms of toeafes *@r« mssdi. laFg«s%, 
4 ia. iB fi©i S4 Iti, long,, was ii%llig<&d la the prMue-
tion ©f e«ffl»rel«l grs&i« it eoiifcain®^ to I'^ O 
gwmm -cC ®.«roii« eMoipia# twm iO§ ir-»as 
pip®a-ue«a* l!ti» asset siE«» ©onstrmtefi fTrnt E§ iii* pip®, f% is. 
lo»g, wskM f«*r tJs® ©scptpimtnt'Si reimctioii® of th» 
fflop®. «teimda«t vmm •aftfesi it fc«M 3..W- gi*iai« ^ ®Bai»g9 ©ad 
pi»^©€w!®-i ftppr®xiiB«fc®ly ^ ^ «as ^ ffl«t«l* Bh« s»all»st bmiife 
wa# 1, i»., pip®, wit# $ is, ioag «i3,a yt®ia#4 i§ graa® 
®jr »«t®l fi?« Hf gP'iw# ©f efcayg®* 
mmmttmm aixtwp® wltli. tli® ip©® walls @f 
til® "bi^ •*«! pr«vsiit®4 fef a :it»©©tM-s.«pl'«e«a lini'iag « r«-
fF«®tof7 S/8 to 3/1® i»« tl»i«*p. .#®p®«4i»g ®r tfe® sis® 
®f tto® ffe;® 1©#«® p«®k«-d limrs mmm p»p«ir®€ toy plm®i®g 
* «wi Jolting l©os® mlis'imi &MM0 
*M#li' was f£a»''««gh f® f««S' ft fit mmsh p«r ii^k 
tnt® til® mnmlm «|p«#© tl» fe»b- w«ll aa# tfet 
eyllMpie«l win€»l. m m mmhmlml M%#»- tt©r©«^ly 
p«#tel»g tli« calcixim oxld© by fcMg MHa#r®l vm 
leaving a f.t» ftud •«»©©%& sa^^fm©»€' llmw 
CFlgw® II• Mlthmigh fcfelg typ# Off ®-stit«ts#r ©-©eW b« m&mma-* 
ieallj pr®tw®€ wm& ««•« tm tt# of lar^ 
i»oM3ots ©f efelortii# Ifi m« «&•»§«,. #f 
tk# w«ll fr@i.^«€ %y %Ms teslmttB® wag fei|^ ®»©t^ t# psmtt 
«©«kiag| jitllif w«r# fey Idbe rt'imltant 
tte,© «©ltei3 r««#tiea alxtap®, Thlm mtfmt »ai» tb« ws® ©f 
Ximm- l»pF«iett#al JfOF s©«l# r«^«etl©n», Tli# 
®®p€ twins® -caleltw #^141® » t#l-aalt« |%©*e«ej ei»i»&ltei®8 
w@r® aet- mm hm&lj hj %he »lm$ -thm^ metsl, ««a timrm" 
tore p@rmittm€ & e«3ll«©fel«« of tb« a«tal mtt@r m&e-
%lm* fb^ "bmh #oat«l®lng siut:®.r#d itii»r wm pr«p«r®4 
f©r %|r l»8®rtlBg %-li® erttelbl® aafi toy fllliag tli# 
aarr©w anifBiar gp«@@ is#tw«#a tMs tFmitels and Qi© teoab wall# 
wlfeli loos® liffl» CFlg-ar# S|* 1.0®s«. !!»• prewate®# l«ftks 
in @a«« feb# llns^r dwrlng fek® r@aetloii,# 
111® ®.im.eibl«-» w«-r« aaA# toy tb.« ilia® ©i» dolwiit© 
i» a gp-apteifee ©jraii.bl« £» a sl*Ha.r t© tliat ««ploy#d 
ia p^mpmtmg fcli# !©©«• ma-a tfe#ii slntaFlag by 
bsatlBg in m iaiu@ti©a %m 185')®C» ©-imeibl#® s© 
prepftipftd mm €mmm, »6®feis «wf«e«i, wsefenmle-ally #trong s»€ 
Figure 1, Cross Sectional View of Borab with 
Temped Mme liner. 
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with & Sintered Llroe tiner. 
m 
resiatast to thsraal ®i@y i© atoserb waler t@ 
#©»« ext«ofe «i^' h«a©® amtt to«' ia a firy at«@spii®w» 
A ©f lism oi» <i©lc»lte wa® tls® l»t© 
f® lO'ftwat tl3» loes® «at«:rtal f^e» falling Int# tto.® &hmrgm, 
tfe« ftraeitol© wm e©T«r«<i witfe « CB®0) IM,. 
f® ppdTent th® ©«se«f# ©f awj T©3.a%ll« efijapeaeat® of tlm eharg® 
•«ad to -retee# l@ss«s toy 0Eid«tl®»,. %hm liA was s@«l®d by 
«®siss of pl"a«b«ip*«. s#*! madt gljmrim, m Ita •eqml-' 
••alsat) appl£«d t© ftp® tfcar®a€s« imee#ss <5f this 
iittlioi w«a by th# partial 'iraeiBiMt ma fowad 
to to® tfclll :i»©iBaloliig la thm b©iib ©©oll«g» 
f:h« F«a®t£o» for pp^pai^atic® ©f r&Te ©artfa 
M©fe«l etJMist«€ of fe&« r«t« mmitth lialli®, a mmh 
as isaleittsj,. a«€, ia asst msmm, m ®ie pptpara-
il©» df fell® F«i»® a-icrlfe hallta w«» flsaeribe# ab©Ta, 
€al#i» wa# s«3.®@t®€ as %b® i»«iimslj»g lattal b©eawa® ®r 
#as«- la ba.nfil£ag, f©^od storage sfeallllty, m0 thm hlg^ feaafc 
©f formfeloa ®f Its balMas* 'l^a ealiilw- was #MalO'ei4 a« 
l&Tg» aggft^gat®# fr« the Mafcal lydfi<l«s, Im*, ©r t4i« lla®-
tr<a«%allw*gi©al Ccn^aay, it was cf a ve.-fy grai® of 
parity eoatalalBg laa« %lai« i p§m-» mmgmmm^f lass t^fefUQ-
S ppi.«. of ii^^ow ajwS 1««® thm It ppB-^ «tf alaainw®. It# pj'ta-
olpal iM-pttrlty was aagaesioM in «»iast8 laa« two par 
©anti ffc® aggr«^gafc«s war® »a«eaA by a nw^m' of st«pa,» 
m 
a sizir foF ms# im fte®7 w«f® fis»st 
mp hf it. gr®s»| th.® ii<s-.r« tli«» r«dme#€ i» #ls« 
ta « b®g 'fey Mlfc%« «€ mipwlll* 'fte# feog was 
.«il*lglr«13.3r t® pul'Piriii® if©i»4 tlfeips £®t p«p®r aftiRH-
faetw®,. hn% wa® alf« tiitl»fa#t®ry t&w ©mttiag ©al©.lm». ^Ttom 
momtsm ml&lws wm» &lmmM bf p&selmg &w&r m sepa­
rator Ifeeii ©m% %<&• fl»l sis® fey a rotary tenif® Mill 
by %im Spi»®iat.» W«iar®is * m*p lm» ffe.ia »1«« was amh 
tliitt til# 'wm%m% pm&s^A %.larotiglj .a If «««li. p®r ineli «©r®«ti, tout 
wa-s ©a m M mmh. -gmv Immh ffelg trmtmrnt 
teo©k#d ©ff any Is©## e«lel« oxldi® e®atlng^ wliieli was ais-
eftri©€ la "f !»§•«*, prwidsd a wry r«aetlv»,. ©aally 
• Xn flwt att«a|>t» «t pmpmprnttm ©f aetal, tii® r@A"um-
•feio® ©f e®Fo*ts efelorid® fey e«l©lT» ulsa® wmm m®&* .Slnis# 
l3QSiBfflei#ut li#at WHS supplied fey feJie pFt»try i«®ii«t!l©ra,. th» 
w«g «xt®Fi3mlly h#at«d fe© tfe® ia«0®«saiT 
fe© ptr«lt »»tal a»4 slag s«p-*r«tlon. llfflit@d 
»mee®ss of tfel« -mthoA aa-i® t© Inelmi® a «M# 
rmm&Mm ©f @«leiw mm m *fe0O8%«i?*» siteH ms Im&lm, aalfttr,. 
p«t.«s8iw efclorat# m si.ae ©lilorl#® wltb prlneipal re^me-
tl®ii Feaetl^. of mmTmm ©hl6i»M® mwS. #«le.lim..' -ftss# j»®t®i?l«l# 
all h»m Wm prmpmrtj-mf giviag wp- » l^yg# mmmt ©f he-st on 
i»«aetloB w-ltli .ealeiw m refwitant wtme In tli« fc.tfflp®r»-
tar® of tfe« r#.«0tl@» tfc«i»®l>y lus.r««»lii.g Its fluidity 
2s 
•& mmm @f fell# a@tal frm 
%li® »t«g* 
For »a.s©i3s iisctisse-A sbov®, tli® prlaas^ tmetim 
of & "to©©st#r» 1-s t© fl«.3.# M«t t© %!»• tliis mrnm^ 
that ip shmM m^mt with- ©«l®iw8 la a «%.roaglf «x©-ttt«rail© 
3?®«etl®ii, ©i^iisarllf ;®¥o©s%®r:t* •»« ®s:Miiii»,g ageafes, how-
STtr* wltii a ipattis-F %m li.«at of tormtim,. for 
«3:aapl# zlm will also giw m Mrgm aaotint of 
fetal; wli#-a r®4Me«i fej ml^lvatm Thm ®ffl€l«ne-f ®f th«s® »«%#?-
ial» la tM« r0fflp@«% b-s e«l#Talftfe»di twm b@ats -c^f feraa-
felon# A n&vm Intangitel®, l>at mry lap©i»tan.fe,, «ff«©i; ©f & 
*li©ost«r* 1« tfc« t^wity wM#B • Is latroiia©«<a Int© lai® r®a©-
tloB «lxli«rs. f-m iiarlas felie r«a«6tioR, loAim^ «-
«eta t# fmm ealeiw l©41i«: wMe^b lowsi's tM seltlng point 
of tb@ ettl©i«a chloride slag,, ana ttes l©w@i*s'"tli® fc®i^@rattti»e 
i^t«iF®i f®F e'®!^l«%« ##p«rati©ii ©f tb# a«t«l slagi kIb© 
©Msi'id® yieM« Ela© sll©fs wlfete th* a®tal ¥#iiig pr®-
tbaa l<w*«Mag,. its »elfclng p®lat and peraittlng 'betfeti' 
•«ggl©««rati#»# A t&l]^ #0O#i:i#ratl©a- la Aoasiag a **b©#s%«i'*' 
is 1% fflttst not ^©atwinate tfci« -awttal*. fii» nftte^lalB 
ai.«©ms8«€ «fe©w all »##t ttis ^fulreaeats tli# i©di«« 'e#!-
i i l«@t« la. the s-lag, m& %b« ain® 1» «l»tlll«<l ©wt of fcfe® lag^t 
©al©lw #3E©®#a., Wlmllj, mmm» la ba.nll.lla,g -itoomld 
h%- •®©asMii-y©€|. 1% Is 4@sir«M« t# MTO a »«t«rl&l that mm 
b® iat'in»t#ly »i3»€ wltli ®.«l«iw &i^. rar® eartto lialM®.,^ 
temt *111 »ot ?#«©.% 'matll la. tb® flPlo.g 
bfi 
I©atn@ w«s ttm ml7 mMmmt wliiefe wms in ttols 
3rosp»@t;| f©r «f%®r alxiag wltb %ha rmMettm atlxt«ip® its 
*«p©r sl®ifly reset®# nitli tli® iitleim* ffeli wml<A 
r®taa® yl«14» If tb« to®«te w#r« «ot fij"®i wltbia 3.® alaiit:## 
•affe»r loading.. 
tm preparfttios -for « rft-iaetlc®, ® waa llae^ ^m& 
.br©iiglit fe© tla« ary wrnrnm ®i®- @h«rg« ®f rs^# mmtth |j®lia@, 
aaleiiffl *te©.©stsr* w«s mlm€ Im bafesfa^MiaDftr 
In e«a«« wfe®F« tli« prrnpm^tlm of tli« »•%«! has to««i3 
%© a wmtim a»a^' largs of raetal wmrm 
fe© to# pr»^«r«d-| 0tfe«rirtff» it »«« «a#twiitely aljcat by skakiag 
i« « ani^ «*slly el«mn«# mmg&mt Jitr» 4ft®r nisdisi, 
tfc® @barg# was lat© %h.m te«ib i®i %mpm'<A. la fiwolyf 
fc# *f®td «bg©rtet^ mrntm fr« fb® ®lr, thms® ©peratiens v®m 
#«rrf.®4 omt' 1® m wmm m' -iry t>m. Tbl» pj^©awti©a w®» 
foimi t© fe® mn»«©«s««i^' fpi»@imct;l©a mmm 1» tli« .large 4 in. 
pr©Tl4«4 tteat precautions -m^m talc^o t© Halt %tm «x-
pmmtm ^ tto« «Btoy€r©us chloria# to tto® a£r» 
Af%«r tmaplmg.,. tbt'eMrg't w*a #©ir«rs« fey a flMly pr».ss@d 
l&fmr ©f l©es^« li»® toy a i»«fractory lit h&tme tli® liaifi 
%»p WMB mmrme4 ©a# ts# ©f « Hi pr«v»at$4 ii«y ISm® trtm 
«ii%ifi''lBi th.« •r®s©tl®a aixtiir® mw& Immm&A tb® yi«l<i a. few 
pir ©«at.* Ift@r rovei^g.,. ©«p w«s serewsd a©«B flraly* 
*© taitifit# r®«©%.l©» l©«i«# «€ s#.ftl«a^'b«b was 
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^ ' l)» ' t 1 ' 1 2 ' 1 3 ' l|4. ' l{3 
is 
m 
hf |t©w4iiig m t&# aid® th® t# Wmk -tti© Hmw 
ftnd sl«g «»1 tima p«i»it tb« l»go% te f«ll otit» fii® #l«g 
aiad lia#!' »8f« a®t; ®.»M® ter rm&^mwf of 'Fesldtiftl ratf® ©ftrtlbs 
©f ioiia#, fb@ »#t«l lag®t *as. by eblpijing ©ff 
tli«- s*ll jstmrna eC mXlmgimg sl«g an# wa« wasl«<S la 
*«%#!• t'O -ytaoTO #f iiia£#li s©fflstim®s colleeted 
©a tb® i--.0p ©f |jfe« Ingot. Aft«r it wftsand 
t;li®ij «%©r#4 mineral oil. 
I©€ia« wma trmR tfes r«aetiow pro^cta-by pas­
sing Qxy-gmm tfere^i^ tb# •erasiiM «lag eon%.ain«€. Iw a st«#l 
teMfcsd t& 30^^. • At tMa , tli® leiiu® was 
•iispl«e#d toy o:Kygea «»ft iw,s 0a»i@€ «mt ©f fcfe© »lxfc«r« by 
%li® gas str®a»« fli« iodine if«p.©r was lefi etit of tli® b^ab 
tiiroifgli a st«®l pip« «aA wA-s ©©rodenstd in « eooldd flask* 
fto© iofiin# e©ll#©t®# eoataintt «. saitll m&mm% of water 
wMeli was rewovei by f-wsloa i» « flask fitted m wat«r 
•©ool®€ ©©at«a:s#r, toy l-@€i»# that wai v&p&Fi.Me^ Aming tli« 
fiasiofs eoll«#te€ in tli« eeodani^r, trm. mhleh it was later 
eoll«ct#4 •»m& r#©ysl«d» loflin® r#eov#r®a by this proeeiure 
waa ?|mlt« dry ®iiA relativ«ly pwr«» 
Castiof ffl«t#rial« «ii4 wsttoods 
®h« ingots of Mt«l ffFO#tte®d by tli® raethoft i«serib©<a 
abow^ ©'Ontftin iwir^fig aaotints of ©aloiiai mm& a#5«rlag ilag. 
Mmoh tliia ©oiita»in«tioii &mm b® r®a©ir®i by Immhlmg in 
m 
feefc temt tm p»©S«©tt@B pmwm ai®fe«l tM alley«d 
.rnmut hm hj atst:llla%l©ii «iro«^ ©asting 
waAmw « 
Sin©® tk® »F# ©«%li a»%«la are M^ly m 
mm^mw 0f ©rae-lbl## -m-m tmr mmlatmm t© 
•fctttek tof tfe« Tkmm Cs«0|, 
Ita® tC«§), Mgmi'Sl* iWgQ}., tfe« f»r« ©jeM®s, mmtmlli© 
taatal-oB aai »0t«lll® a0lyM«iwas» e-inaeil>l®s ®f tti# re­
fractory qjeM®# mwm all prep-arM In tli© gas# mfiije-r. Hi® 
fin® ©xM« was %«»p®4 tat© tbe. %«%¥««» tb® graplilt® 
*lat«ring erm®ibl® «Ri a eyltoilrieal ««adr«l 
was tli«W reaoTOi aod tli« ermettel® iiiit®refi 1^ h.m&%lmg in an 
ludmcstiOB f«r»a©«» 'fli® t®»p©ratw«s wbieh p«fsit strong 
feojidlisf tlii mtrm&tmf fartlel®®., y®t fl© uot 
p%Twd.t :mj tto® ®3cli», «r«i l»«ryll.i» «t BlOd-
tlSO^C.l i:ia» «fc a«g«®si«. At itid th® rar® 
®i^%to oxides «t l&wm t®»p®r«tw®».. ®f tli# atooi-®, ttn® 
li® ©rmeltol®® »« Ife® aoefc r«siat«»t to tbermml shm^. All 
•ar® .quit® d®u«# si^ fe«.v® saeotli wall®, «ltto»^ tli® magnesl®. 
erti©llil®» after #l»t®rlag at lf»®C# li«v® m. alooat gl«i®a 
awfae®. Mter sliotsriiigi,. fefc® .tmelble® w«r® ©ool®il and 
fir«<l la « a«ffle f«r»a®« to fiO®©. to to«rn o«t afi|- r®»iSiaal 
eaipfeon* Tkm »«t*l ©rwilJl®® of tiait«l» »Qlyb«I«niBM 
i»®r« faferieatai frcw «to»at» of aotal 0*§t® Is* tMolt. -©les® 
@r«olbl®8 war® a«aH# ii®v«r «3c©®®dlng i/4 !«• In 'ilM®t«r* 
si 
wfts toy f^lllag tl» sb#©t of s»tal 
Ist® « .pip® a«i ei»i«i»iag t}i»- f ©MM iu «» 
i«fc«Tlockin| fe©iid# Wm tmT^mr •s%wm§%h tooai. w&a 
mme aiiA ©?««»#€• f&»- feettiai *«.s »•«!.« #f '« t»«ll #ireml«ip' 
plmm® -witfe lt« «%«s erl»is#i %^© fit tl» »ai of tim 
ffe« tw# w«» toy ffr«iy 'p^eMng beryl-
list po«4®F itromiia tM «i«ltel#. fte# s®#9iia typ®: %%&%»& was 
pp®p»rt€ tiy f©lAl^ « l©«g »tilp :Of tli« »««1I.!% tfe@ 
sl^«# by fol4i«g ft® #%«9 ov«:F two or feia«s th@« 
fmwmtmg tb# p«swltiiif #a-f«l®p# Into & rmghl^ eylliiirt^itl 
shaps# la an t© absolutely s««l tfe# #%«.» agalnat 
l#ak8, tb« folds w«r« boirt#'®, fey i|>®twldl3stg« 
Zm tl» pmytfleatl«n pro««4«p«,» fcfe:# iRgot* mmrm !©«€©€ 
Int© a 3p®fF*et€«'y ermihl« wMefe was tb«ii plaeed In a 
Mlmwm wltfc sidtabl® Inattlatl^i^ sftterial. ®i# Issulatloa 
eonslstei -ettlatr #f loest paife-i to«i^llla m m&gnmmlm pm€mw 
®f slaply « l«rg® b-ei^lli«. erntlbl® with no psekiag. 
•f® p» vent, eontaaliiat:ion by ani t© «voi€ th®- protole®. 
©f (i«g®sstog>. a# grtpbit© ®r 1©ip1%«- imswlatldn »«.» iis#d. • 
A teipaas Hi wttli a glass slipit^ kolii 
was plae«d •©« tSi© c|ttay%« • sl#«f«, m t«»l b®iag by 
r»feb»'r .g#atet| tli« ayst«» wits them «v«ett«ted t# a 
p-rstas'is^^ ef 1§ Ml#!*©!!® of nmT^nxf* lb# mmtml wts ai@lt«d 
by l»€iM!tl©a beatlsg, wsliig ©Itber^ .«@lf-ls^©tioa wltb^ »o 
hmmtlng mrmlhlm ©f h ©rapMt# .l»at®r liileli was s«pai»«t#A 
fr©n tb« »olt«B fflital by tM i«fr«e%©ry ©rueible. -©i© 
m 
wai almlj a alow distill®felon 
of .enlcitM wlilelh will di«till «fc fi0®C» tu^©!* * pressmi?® of 
100 *io.r03B8 i»rewy» e«lti» il«tlll»€ ^nloklf to-
th® «tmillljfi» e.one#iiti*«tioii retained fey th® alloy afc that 
%@®p®r«tta*« mnA thtn mmp&wmted »©r« slowly as fcfe#' %«»p®r«-
of feJit a«l% was rais«i.,. fli» «li©v® 100 aiorous 
was wiiifcaia«ia Araring tb® iiatillatloii, 
lbs li^mefeloa msiid for hBMUlmg was 's aoroui^ 
are, » Mlo»«tt, ©y©l» oiellliitor profloeod by the 
AS»x llsotrotlierHtio eorpwatlon ©f -freistoto# 1. !• The temp-
«ratiar« wms by means ®f a »id Mmtbmp 
optieal pyrc«®t«r# vaeiiiM i*s isteraiaed "by s stokss 
Moltood #aii§©^^ FlmAmi fyp«,, «aaMfaotwod by F# J# Stokes , 
maebisa gmpmnj, biiladalf^ta. 
B»ariaeotal &»smlta 
gei»l» 
lasttltg of tba first gtiaiiaa ©a fell® praparatlo® of mrimt 
aatal by tb® aatallotbewtle proeaas, ®a4® at tM» labora­
tory (fjp ar® toalug inel-^ad 1» tbia thsals for ttia sak® of 
eoaplataiiaaa . 
fb® first aaall aoala radmetloas of o«ri'*a0i war® aa'#®^ by 
b®«tl»g aa ««iMl»olar aixtura of ^ earous oblorlS® and mleiwm 
m 
pirns « W- p@.r mnt ®»«ss of m Infectleti fmrKa<i«| 
i^©B eo»pl«ti#a th# li#afelag was ©ontlimed 
imtii fe-cfflto r«aefe®d. ® twpi-rattii'# «-b®¥« %!» a^ltlng p©lnt 
•®f tli« on. t»h« «.8®»p%l.#i} tfc«t sw©ii hmtlmg 
«®lt feii# aet:«2. aai al*g 8»i iiasw# It was f ®i®d, 
toftwe-rer, t&at &« pr@l#og#d, li«-stlsg & boiling ««tioa 
wMcb ».»mlt«4 iu^ ©o»t !»«©-# @f slag »®t«l 
as wall tts la »tl%l»g nai f«»®trafeioii ©f tb«' lln«r 
hj tti® ffl®%»l# ©©silfeioajs r®»alttd la i>o©r ingots whleb 
were e-ont«lo«t»i with #l®f lla«, ,po®i»lj f"Qr»®d 
and «soT®F®d wltli s tlghtlj ««bei?ing emtt of slag oij the top 
Is ord«r to tMs bolllug ae.tl©», ® fliax of potaa* 
«i» ©JiloFl#® vm mMm&. to tl». nlxtw® to ptrait 
low®r op»i»«tlog t«ap@r«tii»« toy lo^'»rl-og- tli« wilting point 
of th® tl«f and th®-.p@by allowing »«par«tl©ii of tb® slag •aad 
fflfttal at low«-i* t#»p©Fatmr®«» Twamtf aol® p#r o®»t of potaa-
altffli elalopia®, «s #i»pay®t to thm oaleiw ehlorMe fcapaeii,. 
was «4i®d and tfe« molili^ ten^ratia^ to abomt 8i§^* 
^ tiiii ®®an«, wi«li «Ei#«Ji«r a#tsl w»s i^t-alae-i ia ji«l<ls of 
trm » to -p^r o«8t. 
^11# tills pr©es^i«3p® »«s sm@e«ssfml, it 
ap.p««r«tA tfeat., foF lar®® protection# ttoe iBii»@«ssai*llj kl#j 
t#fflp«r«tw« of the- post-to»at •*«« tootb t»€i0ii« to fflalntaia 
«rii iiffioialt to ooatpol. It wis •3!®«ia#i to etetaim tb« t®^-
ermtfmm m&m«a&wf for melting tta® oo^oii«©ts of tMs «j«t«« 
m 
irf »0 t# %fc» »«©®ssary 
««a fl:rst iav«atlg«!J«€ as a *'b©©«t®.p*. •§feai'g®s 
@f #si»0a« ©laloriA# l©ata«. In thm ir«tios -of 
®a« iBOi@: 'af i>»r s®l« ®f e»r©w -efclofid#, -witii & fiw 
p#i*' «•»% «x©@«:8 ©# wmrw i» %y 8 
wltsli sint«r#4 Mm #ruelbles «g l,lB«,iPii,. Xl#l.a.s @f i8 t# fB 
pmr mnt ©f fairly ©l«.«a ea.st«lil# a#fe«i «sr« o^tafsed wifcb 
m mv@rmg9 #f if |s«i' «#«% f-eap- »«w.a 
A stmiy ®f tli« ®f • til# ipat-l® cC IMls# %•© 
©hlorii# WBM tb®n rnrnm vim gj.v« l» falil® 1. 
'Sil« methea. wma t® tk« st*f« feb«t SS %© fg per eeafc 
yl©Mg w©i?® ean#l@t#»tly ©fet«:lis«# wltli fully driei, eeroms 
#Morl4«, 14^ I.#ai8« ia tM rmtt^ ^oi" 9»§ molms ®f l©€iij® to 
&mm «©1# ©f «»©«# ©tel©rid«, «n4 In a fl^« per e®at 
mm&sBf. in aintep®# bosfe liaera,. with ^gpapMt® mpa 
•m@T th« top of tb® liai-i'. fkm mmtlmm was ©ftrri## out ta 
® »t®«l 4 !©• in €i®««t«r i4 tn. l<®g. A eli«.rg« of 
li§0 gr«ia c€ «©Fo«8 ©hlepi#® «»s wife fe® ©cw 
p#0«ata !» rat-1© ab©v@» 
Im mm «ffor% t® & aifestifent# fof tli« «xp«nslw, ' 
ana mt ti»® »©% mmMlj .«Tfill»bl«- i^ia©, ©•tfeejr *^l>0ost»F»? 
wsr® iiiir«itig«t«d. Sulfur was trl©i i» tbe r«»§t of ©at-lialf 
t© tw© aol«t '©f .smlfm^p per 'a©l» #f ©©fowi &lt^^®isgli 
iwtfft®i«mt li«afe w«# g®»ya%«€ji ms fey tt@ mx%mi.€m 
t-OMpsyaiwe ®f th« hmhg. »® mpmvmttm ©f t&© wetal aai sl«g 
m 
TmiM 1 
mwmm- m iodi® m si piqiig-












im l..i 5 48-f8 m 
im O.fS 1§ tt-6§ 64 
300 O.fi it ?S*8S M 
•t.Sfg • 1® fO-©l 8t 
0«®g8 5 f6-91 84 
1800 •Q.S S m 
Si 
ikppmmmily the mltMm aia@itel« wttli thm 
»«%«!« prt'ssiit* 
Potassim «fclar«t« w«s m m ©»-• 
idant mi.%h mmm fb» Tmng®-f^m. 
O.lfi ##, pmw mmlm &t @«.i»oia®. 
elil-©3rid# »fig to jleld of ss p#r ®«at 
was ©lbt«itt#€ witli 9.13. »#!«« -df .|»«-r »#!© 
©f espotts #hlorltf«.. lt#a iaS#r l»at ©©.wiitlons :thm nam 
&t pofcassli®. ehles-at# iM ^eim©« ©•rli® aefcai Im yl®lSs 
e®i^«rabl« %& %to©#« pr®d»t-a bf ms® df lofiln®, mtttmr «*-
fc^mally with il«g a#!" lafeeraally wi^ 
respeet t® laelml©ns» 
In wi&w ©f f»©ti a#:«rly «H tfe# pr©a«©«fi was 
prep«2»«i wsing 'fcla* l®i.ti» '»feo®st«F"# la « perlai of a 
nearly a ttomsaai p-owod« mt thm eoawdretal gr«i« ©©pIot was 
pr»p«rti ¥y tlii# anttiQia si^ s.#at %© ©Mier lab-oratories* 
Xm %Ji» |>res®»t iBWstigatiea «as«ntially thm mmm rati© 
©f r®a.et«ots m»«i ta th.® larg# leal,# prodnetloa of 
was smmmsmtnlXj M©pt:-«€ tmt- th»^ prM^etlos of w@rj piBP@ 
e®rlw» Mmmmr, sla©# tb« s*fJLler .S| ia# la 41«B«ter 
«i^. It l.n« long,, wmm nsm€, a greater temt Imm t»mi tha- m» 
mmtlm alxtiar® ©eewr@d ioii n swall -©f tb« ratios 
of ths rmmtmtB wa-s mmmss-mey to ofefealn optiwta yl«Ma.. 
A rati© ©f 0*Si a-®l®:S ®f l@il» p«r w©l® 0f ®«rows 
witli a 1§ j^r #«Bt &S e«lel*» wmm adopted f®r^ a eltarg# 
m 
©f sit gr«» of ©Morii®. 'ftm m%m&s was 
l»©p®st#i %© li pe^f e«i}t. wltte mn laertas© Im 
IR til® foia* iril©grMi.t ^ e©riiw a«, mmr*' 
«g« ©wpall ft«l€ -edP ,i§*4 p©!* •«•»% with yleMs 
ffo® ft t® 100 pur #•!!% »s illtisfcrifced in fabl# 2» 
Wf Failing th© eal©ia« mmmnm t© It per tli® fi«M *«•« 
ii3i.»««s«€ t© ts.s f«r -Wm was feas®€ m tk® g^»s 
w#l^% af iagot pr@dme©€| hmm^mwp #tn«s«. %b® ingot ®o»-
t;aiii«# appp®3Elaafc«ly thr## •®«a% ©f ©«lel» and *tt.gii«isli» 
l*pwitiss, R-efeaai yi«M wm Xorn'm, -mmoimting t# Sf#S 
•e«i3t f©r -awrag© #wr»ll ft©ld «ai, «)\,S prnw for 
%&# tarried ®wt wl%b a li ®«at «xe#s« ©f eal-
.©i»i. f»li® sli« of tl» eli«:rg» Is tii# rsimttlons tabttl«t@d 
in fttfel® t varied «li^.tly «tf' %h.m ws.rjimg eapaeity 
®f tti# li»@r«« 
*«r@ mtmmt iavariitely rmrj el««ii 
wtfcli «W»s' ml %.©p It® lllms:tyat'«t i» ®ie 
) 
•eeriiM mmtmlL th«# ,pp®ime«t ©mtmtnmA trm O.S t® p«.r 
©sat •«»« §•§ t© tw# p®r 
fte« »aiii iia«!®s f©r low yields »»¥•« afetaplbttt#*! te ©©a-' 
taMiii«tl0i3 af fli® mm©mm ©bloride by ©©rlw ^^•©felQrlfi® 
dwlag tb® €yylng -rai^ *ti# t# «6isfc«r« alb#6i?to«i, ©a ml* 
elw €ixi€# 4« 4is«ioss.«€ p^^'ricwasly, msQfmhIimMm 
f©»»%!« wai mmm€ toy i««lfc-ia^f ib« "toyiip«t« wtotl® f^-ao-ring 
%h® wfttftf*. ©f tb« a®lt®a hydrat® w«m pr©ts®®t«€ 
Si 
TmiM t 
nsmfs m mBim 
Wmtght of itt- Calclw Tl«ld 
got proiweei 0xces® 
^8* % 
Ifi 10 98.6 
tm 10 94.2 
lU 10 81.4 
Ml 10 79.® 
16f 10 t4.t 
1@S 10 fS.4 
140 10 80.0 
14S 10 SS.§ 
148 10 83.5 
14§ 10 79.0 
tm 10 79.0 
ifi 16 100. t 
im 15 . is.4 
14S 16 6S.® 
1st 15 95.4 
ITS 15 ®?.? 
163 15 92. t 
181 15 102.1 
179 15 100. f 
174 15 96.3 
175 15 tt.a 
164 15 92.6 
140 15 79.0 
140 15 79.0 
1.SS 15 8«.4 
MI 15 • 
Awi'-ag® IS# 90.4 
^ T®fe«3. a@t«l p:r^me«€ was 4iW §^mm* 
m 
trm ©©ataet witfc fefe® oblorM® gus, «Qi# as 
tim w«t«r wms -rmrnQmA^g tliis p#rtl®o JMi a tondeney %©• i^aet 
with w»|#r t-mmim^ tfe# ^sqreiilorM# «nd fa|ras»og«o ©h.l©rii« 
gmm fef tli« pr©l»«tel» 
c«eiii«iad —> mmi • t ki. 
e«pliiB will not hm @©«pl«t@ly by tte® e«l-
el'oi but will yield m Mlxtmr® @f mA ffl«tal» flsfi. m" 
»mitiag islsEtmi^ i©®s aot «ggl©»:rat® w»ll «€ #oiis®Q\iently 
low yitlds f®TO1%* 
A mimll&T mmf mmnr in tJfe® toeab if tfe® limr 
and thm air® a®fe ewpl®t«ly .foaiyirowsi 'liowewr,^ it-
la mm likely tliat wat»r «p©r will eoafeln® witli th« 
©al©i^ fosmliag to •@xi4® laf«f and tbireby f«'t»rd-
i»f t&e «l'©w®r mmtlm witli tfc® iedln® mn^ ©©rems ^loriaii. 
If ^® mmtmr emtminm^'im- is iii^i., tfe®r« is Amgmr dt ©aplo-
tl:«® t# tli« hy4iP©g«o proimed in tb® p®setloiii 
1^0 •¥• Qm > e«o • Mtt* 
fli®r0f©p®> it 1» %m li«^« ©cwpletsly a^yaro-m# ©©«-
dtitions# 
aueeessfml preAmetioa ^ ©©riaa metal by ?«ametion 
©f tb® eMorid.® witfe 0*61 a®l@® ©f i®<lim« p®r a©l« of ©eroms 
©telorit®, «sii5.g « It p®** eeat ©xeess ©f ealeii»# indl®at®4 
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am&Tlws fe-oafeg vem t© m brt^t m4 
h®m%- toy %h« mmtlm pip®imefc« w«t« e-G®pl®ti©ly 
'fe«t ©aly tto« dichloride wii« f©r»«€* 
.Sl»# Wb@ aitesltd# was la ®a®h i?«<lmetlon., it was-
€®^id«d ii%«% wltb this. «at«i?ia.l -fioii eliTOte tb.® Temult9* 
Samftriia Mehlmtdm w«s pTmpmmd A-afl fcii« r®&©ti©n .«fct«apfes 
w#^« »«#©» Tim- ototaln## ate list«A la lo 
was f©t«t mhmm lottl»« was «s«tf «a » %®ost«r* io thm 
®u# srtiueti^n afcfe«tpt«i* . ilw® tbis rMetio® »a» appi»®xiaa%©fi 
toy tfe» F©.aii#'ti-©B ©£• tbs' sMiirliB trlebl rli«- a-cul i©«llo® by 
©aleitM, if ©«@ tht beli.ttoira ehleriu# 
«to» aa an .»aaitiottal -and sine# tte« a©r® proi!i.slag 
©Ijtainod. wlite tli« *ixtmf@ of th© Aietelorit# mm€ eal-
»«ri%«'.!i fmrtb®r a® r®d»eti©ua ©f tfc® si-
chloride w®f0 witte «» i®Ai-»# ©xiiaat I» 
th« ®f is»ttFOtts hj ©-aleiM -wi^^mt m 
leAim tb.«r» w«» »fii«iiie# ®f « -p-ffisgtloa «is@® « »«%-
woi% -sf ©ootaiBing «©» mmaiti'm h&A i» t&® 
#lag i» §•«» ©««#«. lti« o-®fc fftu-o-raiwa. 
tt.# «lag.| it ws® diffiauit t© l(3p««k «at ®1»« tli® .pi®e#s. mm 
s»all,. ami It »©t b-® by wmhing M©am»» ^ %ls® 
r®«etifl.t;y @f ftli« @a3.®l» p.r«a«afe» 4fctM.pt.« %•& rmmt the 
ip@ito©ti^: |«p©dta«ts 414 »ot aceewpiisfe. s«p«rati©» aat « ©astiag 
©» «©»• #f tfee parti«l:ly b®-
eaw;«« @f m« <txt#saiif« ©xldati®®. &t thm all©y ift washing awsy 
tto« -muf.#*©*#*! ©m®pia»» 
M 
m-kmM 4 







is lli»€S Xi watal ftirm€ 
22^1 !§ I«t*ork ©f a»tal 
C«»all «*%•) 
3S li letwork of It gai»« 
4f*i  
®f M®tal 
a#n« 1© »® »et«l f «3!r»#€ 
ts noB© 10 1© fcsraM 
IM m »«tirork ©f gS g»»» 
33 
0# M®t®l 
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ffism-fs ii ffls pspaiatiow op smteiw-










li.4 1 1 t® f 
IS.O 1 1 1 " 
n.4 • 1 1§ i 
tf.4* 1 # _  S 
ft.i 1 t.i It 8. 
1S.0 1 1*S s t*S 
6i.i 1 w . 1§ , 
* l»i<l w®« «rf tb# 
4f 
la til# ®f tb@ %riha3lli®s ^ ©aleitm 
witli m t&€lm ©x£««s% tmel*#*!# %li« mmtitin tefflpsft-twe 
was «. fsl3.«r®# Imiglag twm tli# appe«r«ac® ©f tb« r&mctlm 
profimeta, thm ®f til# flia#FM# pi»oe«®i»€ m&m 
wlgmomlj thm tli« &hXmpM« «€ IMl'it.j,. bmfc is all tfer©® 
e«B®i th# atb«lii« was obtained ms tbt fiaal Iti® 
p®taa:8iTM elil0r*.%s^ »l%ba«^, TOpi>lylag mmMmr&hlm in 
tb® wltb mml&twm, did not mM in prefimeing .»@t«l 
atmm mXj « of iroll fm##d «l«.g dieblortd# wms. 
©fetaii3«.4» Qf tb® r«itt©tlon astliMs tm th@ preparatlos ©f 
8iffl»ri»i Metal, thm mmt smm»^v3L. was by uai-wg as alleylng 
sgeat t©--r«i»e# tto® atltiag polat ®f s««#i»iw a»t«l «»d p®r-
lisps t# immv th« f>#tiwstlo» p©t««tl«l .©f tli# «a»ai*f» salt 
by t'Qlufeio® 1» smell %hm et-mm way tte«t tfe® swisriia los i-« 
•r«ii©f«d trm solution hj a »®iii» ffe« wmmmrf 
&t a w:«ll «©«iit ©f laaaplwyl®!! «ll©y toy m« of a si me 
efelo^lifr indicates ttoat tbls p.i»©@®dwe a«y %« sne-
e®»sf«l* 
dld3ngi»b 
tti« first i«ee#»sfid r@i«©tl©8s of n®My»tw,. « 
ii««d «poae f©r a &b»-&p y-ar# #«rt& w«tal t© «s®d for t«.stl»f 
w«t«M«ls at a standla tm mm&MjMwm,. prme^&ymlim, 
mma s»«rlm| this *«# a»©«ssttj^ slae# er«el%l®» that *omld 
H0t fe® w®tt«d toy wemld «o'iwM«Fabiy toy 
4S 
.passifellit'y ©f prui'melsg 8i®aFli®i m-®fc®l fej 
prepaylag 1% ia «©latl«B- l» %li® mm sarth a-etals »r4-
^@8 distillti^ %fe«» w#8 «3.®® @a3sifi«i'#d» 
tte#s# .3P»«s-o»-« t© fill tT&m ©tto«r iab-
owmtGitt&Sp 1850 graas a«tal «!>«• tli®, 
*lxtmre m •p«f #«t »«#%»!.«,, 1© i^®r ««»% s«a«Fii»i, 
f®r ®«at ^pr«s«©€f»t««.t p'®^ ga€olib--
ttt«# 'W8-t«l was prodmsi i>y .tli# si.s«® rfttlo- a«e©«s#-
fml tow *lt^ »0l®s of l'®dl:ii« p#!* mol® 
.®f iiayalm ehl^rM® •F®€«o«i fef eslci* Is It par ©#»% «xe#ss,-
Wrm, tfe® of feb««« llst«€l .ia fabl« S 
it is «ppartat that tli® yitlia «« mmMmm-hlj hetmt tlmmm 
itolsaiBti im mrlwrn mt mmm&frnim^m fbe mmtn ««««# ©f fete® «!©• 
er#as® is «tti»it>tat«4 %•# #f.f#0fc ©f tfes s.sw«riiM. 
pr®s®«t.. Hiis-is eoafir««-t by tli« •a«fiijit# @ari®tea«ot ©f 
si»«i*ii» ia th# slag, whil« the g««ipiw e©at#»t dreppsd trim 
t&® origi»al 3.® 'ptr ©#Bt ia Mis «%#riiag *®%«ri«l fe©' about 
p«f #»»% ia t&® 'M# t® %ke l©*»r *«ltii3g peiat 
©f me. etol©rt4# mwrnm t^rsiafel# wmm ©aeowofcemd 
im pf«*«istiiig. til#' ehleri#® fwm melting iitPiRg %k« first 
filling vwmrn* W&r this reason, laii?-©# feo ftw p«i* ©#»t ®f oxy-
sfel©ri€®, «ee#^riiwg t® analysit, w*» 'a® of 
feliis e©Bt«wiiiati©a r«<la««d tb« yi@M ia tfe® first #eri«s of 
r#tneti®»-s fe® ff## p«F #snt «ii e«p«p©d to SS...S p#r «»»ib ®fe* 
talm'i Fe&«£«g ®la«rg®« of mftfel©i*id»-f^«# -ai^aim eljlorid®. 
m 
WMMM « 





rtaj ©alcltiffi @xeess Weight if iagot mrnM 
$ 
m*s I li tt m 
SS.4 1 li i® ii 
2f$  I It lit fS.f 
mf 1 m it« f§,f 
m$ 1 i& ISf fi.o 
mi 1 m ISS W.Q 
ms 1 i& . IM fs.a 
Si® 1 . • m isi. f2*.i 
18# 1 w fS.f 
m« B m IS® SS.3 
SIS B m Mf 8§.4 
Sf« S 'm im 82.1 
MS t • t§ 141 ?®.l 
ms f » lf« 8i,t 
as S m 164 8f,S 
2 m 
f©%al iSS8 Aw^rmgm ff.t 
m 
la wm& In wbiefe «al.©tiw ms ts©i^®#®4 fe@ ^ t«r 
-a© incresi# wst foimfi. #qwM to® «s#ril3®€ 
to the imrm&amA calcl«M'©outsat. 
Ae©®F€lag %# d«t& C4S:|,. tli» of 
t© »»t«i ^^mlA prmmmA with ttes »mm ..iim«©«ss 
ms im tto© •©•s® ©f 'tert*, #la0« tfct b#«t ©f f©w«ti©a of «a® 
eblo'ipM# 1» 2S4^f Ml.oefti®rl««, ®-»i Mloealarlss l®ss tbiia 
for ««'rout efcl©rM®,'a ft#t®F that i» by tfe® 
sliglitly a©l,%lag potat 
Oii« p«iiicstl©ii ©f fn*«:s«-oiyaliia mm att®«pt®d» S«v«iity-
%ir©. grsws of pTmmmQ^ymiw» chlririd#,. ©ontalalag 10 p«i* e®Bt 
ntodyal-WM wltife «m iodlBt ^feoo.st«r" la tha v&%i& #f 0.6S »ol@« 
©f loaii3@'p»r iiol# of #hlortd«, wmm r©d\jcei %y e.aleli» ia 
10 p®r ©est mmm&» A wry eleas, *#11 slsaps-d ingot weighing 
S3».S gp»a. waa ©Mftln#i f®p « yleli of f8 pey e«nt. f&« 
yield •mms sll^tly lowas? tliaa limfc e©apar«« -with 
tb® restilfes ote%«lii«d tm »a»ly, fS«S %©' #« p®r e«iit, 
for the smmm mm.%& F«imc%ioa. It 1# protoatol®, thMTmt&m, 
tiimt %to« «iw« M.01 yl«ld# «» #li%*la#d for mri^m ted aoodya--
im& will fe« obtained foi*- A:®n « ©liarg® is m»®i 
larg® «aom|^ to fill « n 1». b«te* 
SI 
mmrn 
Blnm li««t ©f of yfctrtm elil©i*l€i« 1« 2^ 
kltmmlmimt ^ ktloe«3,.®i»t#s ¥«!©* Ilist of mmm eM©pld« 
«Bd i tii®e'«l©rt## %9lm tliat. «P a®©ipsl«B elil©i*£d«t tta.© 
eM#rlli© sfeo-oli I© ai»r« i*«€me'»€ t© tfe® ai®fe«l ttoiBi mj 
©f fth® ij'sr® ««r«fes Am. t# tto« uniting 
p®lnfe ©f tto® aetal, tifftettlty eomM lb# ®xp®et«€ i» fusing 
fefe® r«a©-ti®a wixfcwr© of .« r®i3«etim, ai^ •@©jis«tu«iitlj' la ©I?-
tmlalug « g©©d ©©ll«eti©a of 
•fh® first mxpeTlm&ntA r$dwetl« of ytti'lwi elalcrii# was 
©airisd •©«% ®» * W per ©sat .yfefe^fiia #lil.03Pid® aso^l® ©osafeala-
ing IS p«i» ©®«t 10 P«f ©®«t swarlwi^ and two p^r 
e«at gaia©J.iniiw «s lapwiti#®* Wtlag' « r«tlo of O.sa a®l®» 
©f l-@ciiii«- fe© oa« »©!« ©f yttpim ©M©fi4«., wltli a 10 ©«a% 
exe«SiS ©f ealei'Wffl^ SS p*:®# ©f tfeis .-salt mre r®4tieea t©' giir® 
if,-i grwLs ©f a®%«l for ft- psj? e®iifc yi®M.. Ifti-®F m% stie-
e«ssfitl pr®p«i»tti©»'©f *•%«! fi^a®, fete# ratfeer. lapw® yfctfl» 
©lal®rl-i«,,. .*®4ae,tioiis wmm ©afTlwi «wi ©n fc-lt® a«liyir-©ma ©hi©-
rid® ^ ^  per ©««% yttrl^, -©oa% sluing six p®i» ©-©iit- &f»prm» 
tw&, few© pmT ©«»t g«il-©lialw m& tw© -per -©«Qt^ -©f otto®!? rar« 
In t*© trial® tilth tfe# rati© ©f i©ilii# 
©alelw «K Msm-4. In first i®#m©t-i-©a, n© aaaslv® a®t«l wa® 
®fefcal8®€* I;» 3 atter rtiimctlons tM® M@t«llle yttrii« 
pr©dM«-t by tii® r«.#iie%l©® w:«s lutlaateiy witb tto® slag. 
4ppar©atly th®r« waa ij©t ©a^igto li®mt geaer-at®*'t© fii»« tfe® 
m 
tJb.# i«#«©tloa Tig©rim«l.j 
«,|}©'B^ t® sl«g 
©•gtlag 
rar« «arth iwtal pir^tie#i fey r«#Qetl®»'wst ¥© !»«©&»% 
%® FifflQir# «ll«y#€ c®lcita «)q€ t© mmr»w% ib# tnget# l»t© 
lb® eastlag ««a hm a®#® mmj at** 
».©»pfc®r® «i©to «a •ppft'irifi®# %y & f»©ai«, m li3«-r% g&m ow a 
la tli®- w©tM d»s®yib«€ la this «11 e«»tl«gs 
w®i»# »«'i® in a wmmmm t® ip«.wil%. dlstlllatl^a ot tb® 
®al®i«a m %m9T k "wmmm ®f •Issa tfaau 100 
iRi®i«»s ®f Sf WAS fo^ thes® ®s«,tlags t® pmwmt 
th@ of m tmipf t«oa®i©w ®xi#« l«|-®r Ai-eli f®»e4 
•©o tfe® »«%al at fei^«r pr«saw«»« l^ls ®3Eld® *sldl»* pTmvm%®€ 
thm flow ©f tk® M®fe®l# a* t»i5j®3?«t«r®s m mmik «« 
mhm® %h® p®lnt» fli® ••ob# pto«0»®^a®i§ ®^1«1b« th» 
41ff ie'ttlty la &m%tmg th® riar® ®»tfc metmlm tfcor-otigh »»»11 
fe©les ®r lii%® a««ll ermelM®# {le«s |- ta#. dlfti»fe@-2») ®f 
F@fra®toi^ ©xi#i.» 1% Is profeatel® a »l£^t r®8®%l®a 
®e®ia»« b«t;w®®ii tfe® «®t®l «»§ fcb® oxtd® ®3raeitol« tlma pp©dtie-
isg thm this ©*!€« ®©ating- wMsk f-Pi'^tisfcs .fl®w ©f th« metal 
«i^ M:^®rs th« e®«pl®te filling ©f a s»»ll ©maeltol®. Thm 
«ff«®t @f tti® ©xll® e®«tlng w«« ®«i>®el*lly notie®aM® wlfefe 
«®11 pl®®«s of »e%®l. fer ®»Mpl®i « 1>»f ©f J3®0fl%®li!w' 
ffi@tal., .sT»p®Bd«)a fflQ two tolf® ®4g««, w®« t© 11O§®0, 
m 
f It# ,w8ltl»g poiofe.,: %.«f.@f^ «®lltpsl.sg. 
I0#ft«tiag ©f Ifc# liagots producei ir®4m®tt©ii feas 
sweetsftfal to -irtaoflflif ©aleiw. i» a«iif mm»B tfe«. ©al-
•eim ©oat«»t Mmm hm r#iMe«€ %m #»t pm «#at Sy hmmtlng ttm-
t-o- 100'')®c.| to©w0ver, a *wefe lii|^#r 1S&§-
Is to vernom tli# iaaft tms##*. iHssmlts 
In ©&1#1» Umm been f«tto«r apfawatlir i®.« 
p«30-dlsf m thm fej«t©fy mt %hm aim Drit tfe® 
«i3i til® rmmmm €wiBtg tfc® 4®©oa%alii«tiiMi 
re®. As a riil.®,^'pi»aeti©«lly all fell® ealelia &m toe 
tmm mtivm ingots wsi^i.»g l«®« ^^«is 100 gr««s igr 
te®fttli»g t© fe©*®v®r, ,if * -of grwa Is 
fe®at®€ t© tM* tespi-ratmre-^ t.l %# O.t, .f@-r e®»% ealtim still 
A a«^®p ®f y®fraet©i^ t®at«d for r«slat«o@e 
to «ttaek 'bf the »©lt«» rmm a®t*.l.s at tfa« teaperattir®® 
t© rmm&m e«l«lia. It hmm (1) tii«t 
tM# -nxid®® of alt3ffll««, zlmmlws, t&orl»i mm 
wsll «s •fmartm ®;r« atr®i^ly bf tfe® rftr® «&rtli a®ti>l« 
at fbe t®»p«r«ti»'«s mm%9»Bmty- tm th® s«tifcl4 <^.l,3r 
mm0mat'm -oxli® ««€ fl.«@i?lt.® mlMm 
awl «i t«0gs%«ii oi tb®- miT*&%Qry B®t«l® fr«r® 
roma<l t® t© «tt«®k hj tfe® rare ®«rtto i»t«l.«« Of 
•fell.®®# list«4 «« b®lKg, «tta®k®4, ©nlf b«'rylll« was r«®fe«®te®i 
to®#®!!®® of tb® ®3c©«lleBt jTOsnlts «totali»d la work la ttois 
S4 . 
tidtfe fiimllsr *«ga«almt quid#, ealeiibb 
exM®,- m& rare ««ptfe ©xt<ites wsr# mXsQ ii3v«sl;igat«i 
«« eymsibl# iiat®rl«ls,» slw#,. if F©«@%l©a ©eemrr»i|,, mXf  
•©xygen womM fes l»t-f#diiced mm a a«w ®«at€«liisai* 
was not. •#£ ttm 3,©* melfclcg pelnfe CIS^®©.). 
Sh« mtrmtowj m&lfMMwm «aA fe.«iifcalw w©i?® «la© 
«a®€ «g <sr«iM« 
©oij-slfi^ratol.® f»i«tl©ii ia I'esml.ts wmm fswii ta st«i%l»g 
%li« T&ntstmmm ©f thm refrm&%&rf oxMma %-o Btimk' bj %fe® 
«olt©a »«fcala» F®i» ia «• t«t% mm e@ritai a©fe«l wms 
b««t«€ to liiQ^C-. to m mleSmt #xl#® ©rmeitole witfeoat *®tti!Rg 
th© walls,. £» a larg® «a»ti»g, tls# mtt&l mxtemtw@lj w®tt®a 
tli.® walls .ani soak## lat© %&« ©nielfel# mt lli§®C.. ®jis ir-
•i?®gial»-t%y ia «xpl«iii«d mn %h® ^«t th« ©xlfi®- ©ostli^ 
•©a tb® M®t«l pj«TOiit.«4 mmy wetting ©f ttt# wills wb@a th« 
wsiglit the ®@t«l w«s «all, but wmm tmtimttm #i«n « 
larger emmmt ©f aetal w«s mse€» It is #Tli©tit tta-«t ip«elf ie 
exiffltl## mm m&mmvh»t aisl««dii^., al,tti©mg& g«uej?«l tr®afi 
ean to® obs#rir#t« 
botji mitlwm «*i€ n«@ipiiw w«^. ' »«lt®a ia feeijllia .erme-
ifel«s witli folldwtsg resmltsi t© 1080*^• 
41is©lT®d l#s,s Wm 4§0 p-pB# ©f toerjllinffl., wMl® ttoe e«leiw 
«»€ mag»sim mntmnt *aa tm p@r mn% fop 
»®talS;| at til® e«Fii« «xt«»»twly attacked tta®- epme* 
iM«. BeMf*!®! e©Klfi l3.«at©i t® 900^, wittiest mf «x-
SS. 
t&m&tm plelcmp bmt «t 13.0,4 pm e®iit? 
fe«-]rfllli« wms 
•0«l®i» -©lEid# was s&mWhmt mmm afeafel® l.n tli® prea#!®® 
©f ai®lt®i9 mm mmrth »®t«l0 thmm wms cerl-M eomM 
%.® h««t«€ fc# HSO"^0» wit:&0«t mmting with tlie enBiibl®, tomt 
mhm% tbls- t«ap«i»mtw® au of ti» wotal mmw oto»«3?ve€ 
.an^- l«tei» «®.prel«t«A *1^ tii.® f®ll©ifl»g 'i^ftetl^oas 
t C« • S6«# C®aOa • S0a 
e&l©i» f©i«ii€ hy %hm mt tli« oxii® toy 
'mrtwo, l»oii«t«ily distill## .aad @.a«»®4 m appmrftst' 'boill^ 
of tl» a®tttl, Wf ©astlag 300 grwts ©f ©eriiwi. In ,.«.aleli« QxMm 
at 11S§®0, ^ F«ttteal ealeiiffl mm» t® 0«1 &t 0-.2' 
p®r .esat,. *e^ tb® *a..ga«:gi«» was. F®a«T#<l to «ownt;.s less th®a. 
9.t2® p«j» ©®Jit^ th« Xmmv ll»lt «f a»«lj.si«» A e«atlag of 
mm kil©gi*«a .©f is illm.sfci'.«%#€ in Flgw# 4. il%»i«B 
«nA 8®®iy»i«a, attt»iii«d caleiiaai ©xld# ^jpttelblea m% l§tO»C» 
&il©w this trnmpmrnt-mm emlgia* oxld# to b« ffilrlf 
stabl® t® *#tftl«| h&mw^wi,. w&^mw ttoe-st ©©niltiens '©a® 
p#r #«nt #8lgi««, mm€ S..S pi? .©®»t a«gu«i.l.« r®a«l..a«€i la 
rap# .©ftrfcfe# aft«r ««.stlat* 
fb®. Mttgnasia #,p«elM«s, «« p«irl#mslf n©t«a, ar# tfc# 
mm% p«.sl»ta»% t© atta#* by tli# ll.gbt«i» -pftF®. ©.'iop'tli a^tiilS' 
piartle^larlf l.a tte« eas#- of -wir^^pitw tui 
Bi^ulm, n#«ifKli»# yttrlaw @«b li#at®.ii 
at 11^*0,. iB tliis tfp.« ei»ae.iM@ *®ttleg tlt« .ermeibl« 
•walla. fto« ».»i^iiEiil i|.al.©ln» «.ad «-gia©«ii»s e®»t«Bt.s «i»e listed 
•wn|dr0o jo *f 9tm3j£ 
m 
Sf 
in fabl® f. fl»« loweip teaperatw®! v®m ws«d f©j» pmsm^m-
iw aad yfeferlOT M©inis« mn agife»tl®ia of the »»%«! 
wat ol»f«rv@d at SSijce tMi «ff#et fca® p.»Tl0ttslf i»-
atfcaek of tii» erttelbl# by tto# r#8©%l©®, 
2S4 ^ -» • i Ig , 
a l.©w#r easting %#-«p«r«tw« w«# m®€ t® Insw® agalasfe loss 
©f fell# aor« se«re® mefcals» wmry high eal#i«a eonteot of 
til® ytfcrlOT Is aot t©© ii^^rislag slae# tbt «®tftl w«» not 
fe«at®d t© its' repeptsd i»l%t»g pQiistl b®w®v®p, this^ alloy 
was m®l%en «% t;«ap0ratiir®s -nbov® t!W®C« fb@ resTalts Is 
fmblm ? w®re obt«in«d fop s«fflpl«i, so a temp" 
eT&tvLT9 weuM to© t© obtalK- m •quivaleut ptarlty on 
larger swplei. ffais faet Is «pfely illtistrated by « eastiag 
«3Ep«ri*@».t in ••^feie-h SSO gi*«»s 6f i»®dy»iiM ffletal |j@ftted 
to 1MJ<5®C.' Ill MUgnesi® totit still eoataiaed oiwhalf psr sftiat 
ealeiira and o«# .p«r ©®at ii«gu@slw. 
fli« rsr® «artli oaidas had heem ms«d as F®fraetopi®s ia 
otli«p laboratori®® (34}. ffe»y war® eonsidercd hmmmm tb« 
very t®a«©ioiis ©xid# eoafclags ©a «olt»a *®t«l suggestsd a 
very low aoluMHty of tM® ojtid® in tb« aetal. ffeis faet wa# 
©osflmed fey traear studies in tli® eas® of laat1aaan» oxid®"' 
in laatliajRai at t®ap®ratiap®8 ^ to 1SCK)®C» by anothar ffl®fflb®r 
of thii laboratory f4iH howsvar# toy aatallograpfeie taefe-
nlqnem it wa® aMoire tbat^at 14^®C. tb.®r« was ©onsid«rsbl« 
solntiou of tai® ©xid® In th« IsntliainM, Sewral didy»ii» 
m 
TkWM f 
rnvmims  PMimt  cMtx i t  
m liGHEsiA mmtmM& 
Mmtml ?««feratx£re dtlti* 
21. i J 
0» - 12s0 < 8.08 0.0s5 - 0.8s 
m lis© - imQ . .0.1$ < cj..ci2§ 
M irnm • turn . < ©..o® < 
fr 11 ts , 9..la < §,0ts' 
t ii2». 2.a o,af • o.so 
St 
miAe wmrm m»&. mvmml eastings of' dl€ymi.wm 
wmrm a«d»|, tout lin^® th» ««%sl tt» ©reelfel® $©a,aia#p-
a t o l f i %  f - o l i o « i €  % b « f c  o r l y  o x i € «  © f  t t e «  # a » t  p w l t y  s «  %im 
metml eomli ,to® «s®€ if tli» g«p®i»atlo» of 
th® Fay® ©.sF'tlia w®r« to he «TOli®d» For rmsmm mwm^ 
ibX«» of Flip® #ar%li oxide® mwm .ia#t twpther 
Slse# tb® j?a» '««talg «pp««F t® «tt»ek -rII. th# r®-
fwmtowf ©xld©,S't® s©at tl» refrfttteiy «©talt, , taiita-
!» i®d a©lym#»ot* w@« %#«%«€• «tr« fabfieat@a 
froo .sii««%a ©f attai la» !Rt» ©astings w«ye all 
-©tat m a gamll ©©al® to mmmrm ©.rtteitol® »at®Fi®l 
m& fte first eaatlng* w«r« »®d# in tli® "stav® pip®** 
©naeil5l««^ -iftjlfih did net l«afc mp t® 3.3.iO-®e, khme this t«i>« 
SFfitH'^ tfe# ®«fcal. l«»iBsd tfci»©«gb tb« ^wmrnks a»d. r«a«tdd with 
til® h@rfllt& uaeMrag'. 'Th« mml©p9 tjpm e,Fttcll>l«# w«r« 
ti|^t «p t® 1400«C-., b«t «t this t-e^»r«tti.i»« ©r ab®v#, the 
rar© •aFtk a«tal,. wM©li w«t%#€ feotb• a©lyM«ij^ or tautalOT#. 
s««p®d 'tliF0«gb tli« folded •%«« ftsi so«iE®d into tfce iii«^la-
ti<i». % spot w«Miisg tb# sid«# ©f tto« typ® @rme* 
ibl«, a t«Rt«l.w oina©ibl» ii«fftei#ntly ti^t t© fe©ld 
m®t«l at 1700®C.. was otetaiusd.- Sfaa at tMs Mgh t®asf#ratwF® 
m taatalwM ©©lald to© d©t#©t#i i» tli« ©®rim toy '©liiifflieal or 
si>©«tr©a©©pi© an«lyst». Bidpil'WB w*# li««tsd i.i3 tmtmlwm't© 
«iid tM «»lyM«»fflB to »© ©©Bt«aln«ti®» toy th« 
©ymeibl©' wat©i»i«l *«s d«t«®t#d toy apettro-sropic a®ttoods is 
«itli«r east. 
m 
A ».T«®a3^ the mt wlilek tfe® •arious »• 
fraetorles atiadl«4 art to #!• rare ©-ai'tli awtal# Is 
glir«js la f'sM# 6» 
laay ®f iai@ teiip®rattir-e»- «r«'toa#«d o» ®3s:p-®rla©Bt« wfelelh. 
mh.mm4 that a sllglit rm&Qtlm l>«tw««ii tb« aetal a»t th® ertt©-
itolit <seeijrr@d mm tM t«®p®p«tisr« listed | 
it is ass^awd tliat toy leirtrliag ttm tMs ^i®imt ^ 
reiketion will b«eo» n®gl.lgiM«» ©gtliiatO'S ar« b«s®dl m 
til® hmhawiow ®f »olt#:u.-d£af»lia«- @r ©©©i^piiiai ©n tlid Fsfrae-
tory Material,' siu#® all th® wmm #-ai%b M«tal# sttidl®^, with 
the ®xe©ptl©i5 ©f e®Fl«m, app«ar to hmw® about tli« s«to 'r«ae-
ti¥ltf« 
ii 
•f ABS i 
mmmmmmb at which wfracforibs im 
BTmm TO rare labth metals 
cf*p-. la ®e..) 





d« imQ' iim^ %m9 imm >1?§9 
M, 900» mm 1200 12nr) ymm yinm 
sa 9on» mm 1115 1200* >1S50» 
mm 9m-» liw 1.100# ywsm >1SS§» 
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Of tbes# til® w®ltli3g p®lot nud tfe® 4.msitj wiaswtatats 
will %« p®iri®iif®S #c^l®t®ly.. ®ne hmip^mm vilmes whl&h mmm 
QmmpmmA. with tk:®s« obtaia®t i® tfeta ia^ftstigatl#® will 
«1»0 h9 .r®p©i*t«ii# tef--®rtw®at#ly, in tb® ««rl3r work fcardRtsa 
was. a«ftTOF«<l Ijf smh t^alitatiw mr «fbiti?«ipf s®ikl«s «« tfe« 
8®«1« «ua tb» gslwreaei^ t«st iteie& mmm ii©t hm 
t# met aftaa^srs^nts. 
fh®'«®lti.i3g p®iwt ©f ©wiiffi mg fef ® nwihrnn' 
©f i»v«'St£ga.t®r« is giifita in -fAl® i witfe tti« list®# i«» 
l>witi«®» fli® liwf twpdret'wr®® ffetaiiw# is me ©arly work 
©an to® ®ji^i®iii«a m tis® ^«sis sf iif©ii #0iit.««lnati®a sin®# 
ir©» t&wms, & «mt®®ti® lAtfc' at »• ©©mftntratio® ©€ 4.S 
p®i» ®«flt ii*«, wi^ m *®ltiii.g p#iiit ®f «SS^ - ©onsi^r-
iag th® Mtal..s-. #f i® p®3r ©cut pii»it|', there i.s f air 
in tto® a«ltiiig p®iat« i%p#rt®€. Bi® 4at« ©f Billy «®.€ froB^® 
ar® «®as£4®F®d hf mmm amtli®riti®f {1} to te« fcli® »©st satis-' 
faet@ry ®f tto©8® Itstst. fli® ®®idLy®is ©f tb® aet«l ia tMs 
eas® ia tb® only eomplit® mm r«port®A wife fe® «ajd»WB limit 
©f iapwit.!®® li«t«^*; ®n« tiffiettlty witb tMs M®as'ttreffl@nt 
ia tliat tto® a®ltii3g. p«iait wa® i«teMi.i5@i fey support lag m 
mmrhm wir® .a.® tti® Jmttian li®tw®®» tfe® tw® wires of a 
plati'iiOTi-^ per e®at plati»B® M eent itioAiias® them®-
®®^le» fli® te»p®r«tT;BP® was r®©®rd®dl ®to®» tfe® wir® ««lt®i. 
Si»0® ®f®B a sli^t ©xid® ®0«tl»g eO'ttld jtreTOUt .Qi® «®lt®»: 
«®tal twm pmpting at te»perat«^s as mmh m S0 d»gr®®« 
m 
tmi f 
mmio wQtm m ciiiiw AS siFoifiB 
m tmwm wmsTmrnom 
l i l t i i g ^  
p-©int iBpurltt®# Awfefeor 
n, . t . i 
m2 f fc%lMiaan una 
Weisa (») 
mB 4»§ P# llrseto {22). 
m i6,f O.i t« 
t.,S otli«r rai?® #«rtlis 
lanaaau (4f) 
ffi §S.6 13© -Pr,.. W 
4-»-i otte©!* rare ©arths-
?og0l {48) 
815 t 5 ti.8 - 9S,i 0.08 SI 
0.05 y@ Twmth9 t4t) 
ffg §9,8 - it.9 %p««s of 0, SI,. f« laegs fSOl 





fm 09,3 O'.li ea Q'.lt C 





a® lilting pelnt,. eoasiiwabl© errow eo^ld b# intro­
duced bj h&vtng tt sllgbt ©oM.t«al»atloa Im thm «tm©8pte®i»« for 
til© mxp€Tl.mBtn% , 
mpm-tmA for ii«ri» ar® listed i» Ta%l« Id. 
•fli® density 0alewlttt@d fmm ery®tal stroctTare is ta©l®a#d for 
ptirpos®s of -©onparisoo. Of tli© d#»aiti®s dtt@i®li3»d sjqpwiri-
*t «• 
]ffl«ntally, tlm r#atslt® ai •froate-®, m mrim aefcal prepared t>y 
aleetrolyaia CdoBsity €«fi) and r«a»lted t# reao¥« altali la-
pwiti®s (d#aaity 8*Sf|,. appear to b« 'tfe© wost aaarly eorreot. 
Iltbow^ neodyadMi has h&m pr®par«d by a mwmbmr ef in-
neatigat^a* its welting poiat ija» been reported only toy 
M^tiiaaiais and tola® fSO) in liti« flae aeltlag point of 840 f 
W^Gm wMola. tbey raforted was detamiaed nslng'» platlnuM -
9§ par ©eat. platia^n W per ©est rliodiw ttee»oe©tiple, «iiose 
el@etr®»otiw foree was ffleasMrad on. a fflilllifolt»et©r. 'ifee 
inaeetiraey ia r@adl.ag th® alllifoltsetar. introdmoed tbe poa* 
Bible error of 10 degree®, ai'soe tte® »®ltl.Bg point wa® ob­
tained by obaerTiiif ttoe teaperatar® at the m&mn% a weighted 
rod aQspeaded in a bar of the aetal sani: into tlie bar, a® 
til® »®t8l iBOltad. 1© •analysis of tfce aeodyadiM aetal was 
glv@»-,. 
fb® density of neodynliBB bas bees aea®tir®d by ®e-reral 
in¥®®tlgfttors «»d 1® give«,, t-ogetber with, listed irapiariti®®, 
iw fable 11. fwo of tbe«e dens it ie®, aios® by itatba'asa lajd 
m 
fABIg. 10 
©issfff m GWRim m RIPOITEB 










6.Tg 99.8 - 99.9 
i.f89 99,8 - t9,9 
1© o^®r r'ar® 
1© as-«lyils glwm 
1© «a«ljslg givsn 
4.S F© 
•2,S ottoftp rare m&wthm 
d.i SI 
al 







kism 'iwa (14) 
Iill«br®n«l 












6.f8 99.8 - 99.9 Trmms of C, SI, F® *«««« (SO) 
* Cal0ial8t«d froM erf stall ograpbl© d«t®. 
Sf 
fmrn 11 
uiisiff m mmmim mfm as iepoi,m 
If Ofill ISflSffOAf^S 
b«aaity wsoiyal* Jka%hm» 
®b#/ee» % % 
1# •©tto®!*'rar# ,kl«b® mm& Bmmer (14) 
eaytlb® 
6.tS@ lo «n*lysia glv«a ftethmfUBia and W«lss (30) 
f»QB lo «»«lysis glwji Kmmnm (i2j 
6,m t&.4 0.6 Si fF€fflito« im)  
0.f)2 f® 
* 0al©^«t©d irm efy8tallogpfflp.liie 4at«» 
m 
awt-iysis whmf®. t&at »o wt«l ©f hi.^ p«Pt%y kas yt% b®»a 
pr«pai?«t-# 
wj-ues f®p mwlw^ »a€ ^©iiaiw 
®B m s©-«l« that is -©lapaw^l# thos® ou %b« 1»-
sti?»ii»ts ftTOllmfel# «t ttt# l«te#F8fcory mte gif«a tm-fufel® It. 
it g#.Rer«l mTiwrn is a «&ft 
sltj^tly bitri®-!? than bmt «®om^ t© with 
m telf«, 'laafi ti«t a«-ei.piiia is Ijardar thm mwimk, 
ani eaipikf®# «ppf®iiaii-fcjilf t© fbat ^ 'bm&m.* 
I# ©f th# vapor ©f mwtwA or ©f 
aiaj^ ©f tli« ^iir® «»pfcfc 'M®tals hmm te««n r®p#rt##.. fii® teoilipg 
pelafc @r tih;.«t is f^©qiB«a%ly lis%«€l t®it e®ri« is 
h&mA m «» «stlwit« by lett {57> vhm tuie^attd tli® boiling 
p©int mslmg tb.® otos«i^«%i©» %b«* tb® ^ tfe® «tos0l«t® 
teeHij^ t«ap®r«tm*@ tetli# absolute fFSftstug t®mp%T&%wt9- -of 
»ost •l«a®nt» i« fiispr®att®at«ly l*i,. 640^®^•• wai-s 
n:i«# ia t.lj« ®*l.ei*liiti#« «g fb® »®ltiag p«iist ®f ©®pli»| 
sine® It is sew ta#WEt tli«t mm »«lfeiaf poiiit- ©f ©«ri«® w®fcal 
is %li« boiling- p®ittt ^ wotiM r®»nlfe 
frca®^ til® f©f««la. al»®w jp®lat;l#» gtw@B. mppTmiM&t& itgF®#-* 
ffloat f©F tftv®!-®! «l«B®f3ts tomt 1>» «@Bai€®r®d as- giving 
®v»« a« ®«tJia-at-« of tM# b©iii^ p®iafc in mmmj ®a®«»| t&v 
mMmplm, It i« in ewt&r -i50®C, hj t»ii©tiag tb® li#iliag 
point ®f -®l»!iii« •«% 1411® **0, 
m 
f alls m 
mmmm hmdesss values for 




c« ts f« Mmammm 14?) 
Spsaert and BttOcer (SI) 
m.B- ^«&a frerabe (49)  
m m iretofs (11) 
m froab® (SS) 
* teg* l©«d,, 2.® wsm- atitttA«F<l st®«i bali* 
ft 
mmA mmw&% 
.#f -aaa . 
€«a«ity 'ic esat ©«t«t ^ wmm itfesf 
mim& hj %h® l©«g. tja on tmmw' 
@i.m In ©•«rto@» t-tfef^«@toi©3pW» «% mrkmmm Ifee 
speeifie #1 the oarborj t«ti»achlorld® »«s ««asir®i toy 
w®i^lai-g ia « pf©a«8®*eF'* W«t«r could ©0% -tts^d f#r tb# 
d«fe«f«il»«ti©a %#««»• lt« •tabtdlafcftjf altfeengjb slew, 
with ®«rlai, preime-ed g«« 'telsM## « t^lis swfae® mf 
tto« *•%«!. and ©m-wsed «yr«tl© 
density of #ast ©©fliM- •*«%»! ®0B%-si»lag p«r e«Kfc 
ealeltM, as det®.mlii»d ©n.twalngs and pl«e«8 of ©«at a»fesl, 
Ms a danalty ®f t ®.003 gf«»» per ©«^l© e#»tla«t«j^ «t 
t4®§. I p©rtl@o €f thl« aetsl wmm is aag»«ai« »t 
1 1 0 0 •  f h @  d @ » t i t y  t h m  i p e s u l t l a g  a t t a i n  a © *  © © u t a l u i n g  
©•1 p«f ©©at «®lel»., wm t# «.f4? ,0.003 gr^aws 
p«i» e«t»i© ©«n%toB®t«r «t tM« *t«la# 1« 0.t4 gr«as per 
eiifele e«nt.ia«t«p th# d®«slty ,@ftl#wliit®d tw^m ei?yst«l-
lographte d«t« w Mhmm. la tafel#' li# •»# lew®^ d«Bsl-^ fomd 
fer th® e«plw p3P#d»®«d fey th« prmem Is 
ea««®€ fey tli# r®»tdii«l oalciw® r«*sliil.»g tii matml *ad toy 
th® s*all «»#wBfe itf eoild® #©»ta«lii«t t©» i»ti»©dms«d In easting. 
W«@dysii« a«tal, #©»fe«l»lag #«iit 






« *  ^tt 
I s 


















































































1 <r j 40 








i I 1 
s 
m. 
' fef  (68)5 i ' fe '  t feat  tk®s» ®m* 
*«p#i®us &3ppre3dt»at® siaet « awsfe %« 
fomni by «*pii»i®iil.. •#as«ir«wtat for ««©& fiiff®ip«i}fe 
fewiiiitg# deterrained 'hf tli© ifa.rl-oes i>r®©«d» 
mms.f me list## ia IS* % wife fiiW« %U, 
i% i« Mppmmm^ tliat the her dm as Vitl'ii®® ©f tti» tw# a«t«ls 
lap® tta® pp®vl'©w'slj f^p®rt#d. 
Sine# tb® a«%®ls. wtr# «ll pi»#is«r«d tef- , 
%fe«li» gr«»%«3P toi'itti-ss e©«M ©ttrlb'at## t# %li@ slltua 
tbut qs'mllj •©©ewr-s 1» ttefe 
iiff«rsa% hardness## of M» ©ertisi r©diietl#a 'lagot 
ar« mt fw©- €tff®ri»'t ar© flilfei# ia « 
©r#ii« i-«etl®a #f tli» i»got;» tti® Imyer @i«tiilas 
mQm ©feiel«, aboisl; %te»@ ®«t t« r®3.fttiTely Ji«3rd| 
tfe@ b©tt« %Ajmr eontaias l«s® e«leli» and is. ©©»#.l.d«ra.blj 
Ora teasls of tkts dtff»»n©6 whXmh eotild h®v® 
.©«u#@€ ^ tm# tmmAttm ®f lii*«m.«t«llfe ®€fflp©wad* 
tli® pf^p«r«tl#n ot mwiwc&lclxm mths^m wms attsapted* 1© 
all-c^g ©osild !•« 'pmprnm-A sail, .aecordlsg t® analysis, 
»@ e0ap©«ad wm tmm&A &.#%»«#» %w® thmTmtmm 
til® gmmtmr %mp4m'»s of mppt'i? i« prubably dm® t® 
iRtlaately mixeA ml&iwm. feat was fej th® *#%«! as 
tai® i»g®% tT©zm* 
n 
'tsbs %S 





Bockwell H pfrmM 







f®p &s mm §8 
Bo%t« §9 46. ea» 46 
0« ss St ©a. If 
M 4f m e«. S3 
# 
lEg.« m «• stteted st««l ball.. 
f4 
•«s« ®r mmwiws, Mstnl p-y©p.«2»«€ 
l»y til® wmAmtlmm 
witfe d#a©riptl-0as fwlllsli«<a pmrimsl^ (H* F3p«sIi 
e®i»tia hms a sHwp--p»«y %hmt tmwmimhm. Smm&^tmtely In 
air. ae-tftl will oxidfg# #lowlf tn *lf- mwA mQnmquemtlj 
attB-t h9 st®»d 'wadim'V mineral #11 in' b©ttl«s« ' Ifeia 
r@ae%lvity was Qnit« apparent In tfe® ©astljjg. «jp«ri»iats dis-
©w»s«€ ««rli©r| ii5 wlfeli ©«®ltol« ««t#rlali, tfce 
©xlds pmSmmA wat 1» %hm imtml »s «lii» b1i«11.,s> 
fb$s« ®Eidt Iselmsioa# fe«w a ©» th« 
B#eJi8a9le«l pr^ptrfcl®*.. F®r ©xaapl®#. ifcleli. fe«s b»«i3 
b@«t®€ witfcent r««eti®ii ^tls %b# #raelW« ©aa mX& r®ll®d 
in.%® %htn shmtw with llttl» %#iiying ear ©i-ttelEingi 
if wa#fc «t4» i# t»tr©iia@'«i tfee f«rifieatfo« ea-tting,# 
tfe# «®tal its «»i will #rse-k slightly and 
•%««r ®a «s lifetl# as « ti peip re€m%-tm. by e-oia r©lli»g. 
A •iatl®r Is tn ©«rliM »@t«l» If 
ftfe® wfcal 1« fr®« fro» iwlatleas, it •©«» 'te# or sawM 
witte^«t te«»»l«g| .if, «s i.8 g«ii«r«lly tli« ®as«, tb® 
:»®tal i©®s eoataitt ©xii*,. tfe« fesat sfarks #a«s.®.4 toy tfe®s® 
t»@ltt8l®Bs will ipiit« tfe« @mt%tag9» F©r- thia mo.st 
#f tfe» pw# sifflipl## ©f «i«i»ii». 'prcpRr®! toy ©asting at toi^ 
ti«p«F«t«f#s. «r« is ««eto«»i©«l. pr©p«rti.iis t® m@%ml 
prmpmrnA %f «l«efc:i«®ly«l« wli@re it is sot o«©«#s«^ to €i.sfeHl 
iapwiti«.s. 
fS 
0©rfe«i.a !i®tal aofi mrlxm 
aetfil «i*® p«rtin®nt t© tkls itl»«m«slon# JPLtheij^b 
attacks aosfc oxide# s% a l-oww tespe'ffitOT® thm. 
1% 1« «»a ia ala», 'fto# si3.v#y^lt(s ®<aojp 
d®®s ost taj*»ii^ tmlekly, 'aiifi mil. ©f th® «@t»l e«» 
to-# ©«% wltJiowfc fe«ratiig« 1© tm»%s ©f to#- a«€li«»lea3. pr©p»rt:l«'S 
nrnMm 
Meltlag points etf C«Flm yeMmliM 
Thm a«itlng points ©f ©eritw- -iBia wsiNt 
Blii#i l>y a»«a« ^ analjsla. fJb# t«a:p«pfttttip# w&m 
m@mmma by a tb«wo©0epl«, 
fiM til® «#lfei.Bi folafc Mfiismrftffliat by fche points 
&f 'Warn- stkvm «ii4 %^b® e©fp«i*-
silnwr ailxtttjr#* 
®» i-mnmrn m®.@€ to frsvli# mmtr&lled beat­
ing, «od #©©3.i3Qg rast#.® w«« 24 ln» Mgli, M ia* is ©¥®r«ll 
41iM®t®if wim m fa«itti®g €l«»i-a,% 4 in.* tm i»«i4« Aimetmr,. mm 
tllmstwmtM in f^igar® S# Ife® e-©ii.sist#€ ctf 
1©» It 0kF«il r«fls:t«i,e® wIf® i»li#da#d ift iil.l..i«i«it®ao 
-almiaiBB «iM©-«t« mmmt, m^. wmm mpm%® tO! tsap-
«ratiir«« t© iao§'^-# «is-d imhrnB ©f 
76 
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Figure 5® Furnace Arrangaaent Used IK 
Determining •fclie Melting Points 
of Cerium snd NeodymlTum* 
f? 
» emmmmlml <ila%««c&©«a ©artli, r«ime®€ 
til# l0#s w*ll« ©f th# fwnae® 
%•© pr©Tld(® w&rf &l.m ©©©lisg »%«§. Si# ®a%tl€® #li«ll &€ tfe« 
fwBfie# ®©n«l«t«€ #f a A««t Irm eyllMsF iaasrtsd into 
gr«oir®s 'Of ewfe trasslt# whi^fc a« thm fwn,*e# ®Ei<l». 
fli-» furnat® ha-tft « «®aEi*» h:««%lag ««€ is®ollag rut® ©f 
fefer«# « afiiafc# 1b trnmpmrntmrn r@gl©a ©f tli« aclt-
lag points of fe'fe# sfetidiftd* S©fcb rates e-omld b« TOrlta 
iy altering the <mmm^ <€ •lecfcrleal «iwr»»t passing 'lut© 
th« far-sfte#* In prantle®, Mating mwA e-oollcg r«t«« fr« 
tljr®« i«.p?#es t», p«r ala^t# w«i?« Ta«®d, '©i® 
gr'»ai«n% of %im of fete# fiammm, tia® 
la *Mels, tto® siaplts w«r«- was l©w. *fe«ia tla« baffles 
w®r» la8«i*t@-€ to r#twe# r«dl«tl©a l#«isg, thmr® w«® ••.on® ©r 
few© d«g:»« t«iip«r«t«iw ir^riatl'©® in tb« e®jQt@r 6 In. of th® 
boating «l«»««t« 
fh® s»pl®s w®!*® Ii®at:«-A In ®b mwmumtrn^ quartg ®»Tolop«» 
As lllmsfcr«t®a- lo Flgiar® i, lb® s«»pl» was piae®^ insifi® ® 
larger ertt«lbl®-j» -alJOTe wM.#fe w®« « s@rl«a baffl®.® pr«p«r®d 
free- r®fr«eti»:iy @xia«»» fb® «xtre eraelbl® aad th® b«ffl«i 
w@r«. aetlgoad t®- red«®« tte® i»®t lo«s by rafiiatlcm ap thm 
qiiarta tub®, mm& tJi®r«by t© «®s:l«t la obtaining an «t®ii. lieat 
loss iM all air®®tlo»s fr-OM tli® *®t«l sifflpl®. fh® qwarta 
t-ab® mmn i®*!®# by waxl-ag ©a m w«t®r ®®ol®i bras® lid wlileb 
eeutaloei tfee •r«®'oii3», and tli»fw©e®upl« ©mtlet®.. 
f8 
fli« %to,#rac«^©mpl® was lna#rfc«# iat® th@ furwae# thrm^ 
th« 11€ mmms ©f « «lMl»g •«#««« s®»l wM.e1& #08sist«i. 
&t few© ©om®n%i*l© fi®e«s ©f gl«a.s tttli-agi thm amtsMm tuhm 
was wmx»4 ls.t# tb® lid &m& mm» s®«3.#i • to the longer insld# 
.pl#©@ toy •« pi#e» •&£ rtibfe@.r tuhing Mmrllf gmme€ wltfc 
C8lTae.«i» wm&wm fttm sll^lsg §ml q«iek 
an^l e®r%«l« a€Jmst»€i»t of tfe« tli®iwoe©upl«. • lfe« Wnsvmm-mpl@ 
pmsm4 dowa baffles a»t Int© tb® 8®a^l»| i% *as 
fr©a tb.® *@l%#a «t«l l>f « ttola pr®fc«etloii tub# 
©f feerylltK er »agn#sla, irttleb was pr®-p«»'d In tk# siii# aiaim©!' 
«« fee erm@i¥l®s aig®*i®»#4 e&li»T-* l®rylli8 wa« ssed «» 
tto.® pi»©ife®etlon tm tb® first aeltlag pmlnt da't^wina* 
tl®B Qi mwim 'hmmmoi «%• %h» %m fe®^®r«%iires no 
<l«t®etabl® sraoimfe® ©f bsrflltw #i®8©lTOd In *#1%®® e«rl«M. 
fto® ,th«i»a!€ieoBpl®s wr® pF«p«red fwm chr»®l f aa4 
le» la gs-pf® wtm *aii^«etw®€ tls# l©sM»i» 
tmring ©©apssy of ®®fer0lt# Mefeigaa# "Bi® hot Jimetioi! wa® 
M».d« by wel-dltsg fell® tw© wires In mn ©:^-«e®t^l«®® fl-ia®. «i« 
&mlA |iBii(s%iQ» ms o%taln«-(i %f iMwrsiag tlie ©ownsetioR® wi.^ 
fell® p.©t®Mtl®B®fc®r l®®€s %m 8«p«r«t» &w^ m®rera^ toafclis eon-
%al»«d la t»gt wM®fe w«r® sm«i»'JE^®d la an 1#® bafcli, 
fhm s«rv«i «« « Mat' S3c«JjMf« *®tl«8 be%w««n tb® e#14 
Jtttietlon m€ fhm toatfe. 
Qf %h» w%m. *ad» •agfiu&fe t^® 
fape«siag i>®t»ts ©f %!»• tta*®# ®%«nd.iir€s, alaalaim,. aiiwr,. 
ft 
att-d Wm^m m®tal» war® 
e®iife«iae4 1» grapMt# .«pfi>©al»a%tag the ib^a.^-
and 4ia«a:8ioRs hj Mmmm-u of St-andarts C5t| 
it^T %to# of Wm a»lfci-^ p©.iats, m» sh^mrm in 
Flgm*® S« standards w#r« 4 €»• la S ©«• l^ng 
and *«?«• e©nt«i»si la « eraclbl® 4§ €«» la dliwiter 
itsi It ffis. 'bi^# #«« »IS»lafi%#'t b|- apreaiing loos# 
mmr %li# st«a€itrd aample aBiS. If flfetlog ew^lbl® 
wltla « tlgbt gr«pM%« 1M» 
ffs# f »c« tli« fctoewo^s^pl# 
««8 m m l0m&» & Preeisitai p©%®»« 
fbm Qt a »%as4«rd e®ll In ttoe 
p©t«»%lMs®t«]r was @0«r»eitit-# mg&lmmt that of « esliferatad 
staisdari e®ll aaa-iafaetwai. toy tti# Bppi«|r L«'b#rafcoi'f ©f l«w 
Port, Ifeod® Islit»4» fl^- lnt#r'«ls w«ip# fieteralnsd bf 
aeaus of as «l©®tple tSjai,«F* 
"fli® ¥«©ia^«i .«tt.al»»a flBFlag. tliS'S# raoa varia-ii from S to 
too ml&rmm lg« lo the wvms.p m mil Mtlunlm 
pvmp,, lo<S©l IC ifS, »ainaf«atwr#€ feli« |lii(t£ll«tlo» froda©ts 
C®iii>«iiy, was ¥a©le€ tef » Qmnm m a«©hiaile«l 
pmap. M^mwrnr, tli® "wmmmm -aarlRg felie Tvms ira.s 
mpprQxi.mmt@lj thm saa# wli«th»p.®r aot tli# dlffmslon p'mp wm 
tmt ttols itmmsm tfa« M»eh«iile«l pimp *«s ws®fi 
al,OTi« la l-atftf fmas. 
la <tot«mli3*ti®»s i «t t 011 ©«rt«i, tfce used mm 
a ©jllnder., S ea. la <iiiEwtt@F,. S mm* Mgb, with tfesmo-
80 
Figure 6» Crucible Hecomnjended by the Bureau 
of Standards for tli« 'Deteraainstlon 
of the Melting Point of Alurnintaa. 
81 
eompl® lss#i»t0€ 4 ea. into tli@ s«iiple t® a polot soaawhat 
to«l©w the of %hm mmam as illttstyatei in Wlgat-e f«. 
fli« ermeitol«8 w®r« emlelm ©i:l€« tfc® tfeemoe-smpl® 
prot#etlo» tubes w»r« btrylli®.# I® %fe« t^ird a««8WF«a@nt 
of aeltii^ point, m atteapt w«a aad® to approaciaafe# tfe« 
id®«l eoMitfon# r#eama©»d@d bf tfe© of Stuadarii f q-f 
th9 &@t9rmim%i0m #f meltirsg p©l»ta» I» this eas«, th® 
sarapl# was S ©«. In ii«*©t»r. If «•• tail, with tb« tli«3P»o-
©©afl« i]B8@i»t®d t ®r 10 ea. into tfe® (Fig^ir® fbK 
In mmh msm, tb® g-aaplfts *»i^ed ra@r« tetian a kllsfritm# 
I grmm eyllni®?, i ®a« iu iii»«t®i' ani i ©p.- bigb, 
was «s®€ t© ast«»al»® tto® m#ltl»g point of »©o«ly»ii«. fkm. 
tto«»oe-@wpl# waa l]3s®i*t#€ 4«t ®3B» into tb® felll«t ©r 1,8 &m, 
abov# til® bott«# The gfraei^l# anA pr©t«cti'On tub® wer® 
pip©par«4 fr<» aagn«sim, 
fr^®e«aar« 
®i® first ®fc#p «#@pt«i f®r tfe.« a#t«rffliuatl0O ©f fctot 
««ltis^ point of tto® iPiHP#, ©mrtto »ta|..s was a 
esli^>wtion af th« t4t#i'iaoco«pl« hf tlie •4®t®r«-
ali3«ti®ii ©f tJj® »®ltiag p®lnt of tb® eopper-silver ®iat«.etl©* 
fteis pye^it^ti'©® was, fesk«a t® 'iftteet any variatitts la tli» 
©Ifiet^eMOtiv® t&m» ©f tk® tli»»©#.©iipl« tbRt *i,^t b® ©®tts«# 
by ©©i»t®al»«tioit of tJa© eo«pl® toy p#sttM® wmpmrs rising 
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RARE EARTH METAL 
Flgiire ?. CruclTDles Used for the Deter­
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the mpptr liatt mt m mwr&nt f@mai 1» a ©©oiing ewr® w«# 
¥y «.xty«p®l.«%lag •w&m imyonA -th# ts.apeipatta?# 
0f tto# #xtfi.adiag • tfc« portl®a ef tb® t® 
tm%9wsm%- til® «xtr»p©lat<»4 curv«, *»i trntimg tb« ^©iiit. of 
lnt«ri#©tioa m tfe« liait of tfe« a.ri^st« Tm& mp tlwr»® 
«®agw?«ai«i5t» of til® ®f tJb# thmwrnsil «rr«st w«r® 
s«4« t'QV mm&h tb® ealitefttlon 
aaetals* ffe«r® wmm msmally m efcang® d®t®e%®4 -toetwesis tli® 
a®asiir®«0Wts1» til® mm ©f thm ©©rt^-ealelia 
th« t«fflp@rst-w® changed allg^htly with em&h rm 
of l©,ss of ml^iwrn hj mwmpmmttm* 
kitmr th# «® it lag f©i«t. »®asii»iTOat, the thmrmmctuplm 
was e«llbFat®i In & gisilftr mmm^r agaijsst th® 
p#tat» «f tb« tiap#® staniftipt s«apl«®, altwlutiH, silwip snd 
th® eopper-sllver #mt«etl© mixture,. *M#fe ar® i60,l, 
«sdt 7f8»S®C* i^spaetS vely , 
fli# tm^Tmtme eo»eeti©ii of tii® tb«w®e©«pl@ wm& ®al-
eml«t«i by »#®a8 -of ilff#F®B©« k typleal ©ximpl® 
«a im M&m 1 far 1# la f&hlm 14. ffc® 
<ilff®r«ii®«8 swm p3.#tt«€ sg«l»tt tli® ©l>s«rir®d ®l®et.i»©-
a®tiw fof®,® mm shmm la Figtir® i. fh# ®l®©ti?€wotlv® f©r@® 
eorr«etl» tm m pmTtltimlm yaailag ©tn l»« rt-ad frew th® graph 
with t® «eew#ey ©f X®C. Wf ^1® a««na tb® t»iBp«ratwos ©f 
tto® th«ra«l isrr«s%» wmitm €al©«l..at®<l. 
if. 
Tmm %4 
M f A  w m  f f f l  c e H s T H T j c T i «  m  4  
fypicAL OTFFiRssci ewm 
Emf values 
®«f frcm table (m » M -
^ mimwl Himwf' 
0 f ^ Q 0 
««•! Sf.S® g7.4S -D.it 
ffi.s ai..» -st.Ag ^.22 
9m.,M m^m m*m -§.4» 
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Figure 8 Difference Curve for the Correctlors of Chromel-
alumel Thermocoupl© used In Run 1 for the 
'Deterailnation of the Melting Point of Cerium. 
8? 
fh# limits ©f fe&« ihtfaai «i*:p«:»fcs «« .dets-y-
alB«4 la % M #  » m  list##: 1« f«bl« li. 
%#ap@r»t«BNi'i a®-® avmrngms. ©f tw© iiO» 
W^&m tk««® the p#ii3t of e®pii* aetaJ. Sqt 
tfe®»« ipi®« w«s 'fS®., ft§ «at tltli a • t««©nl mTT»at at 
, fOS, tts# .f#sp#etl¥#if«, I®' irt#w M thm faet 
Miat tfc« ©f 3?#«idwl mm& mrngmwlwi tend 
to lowti? t^« fflRltlng p#i»:t « f#w at tll«8tpat®d toy 
tfe« ©®»iw^«-ga««l« Mjmtmm w^rte&d ©at toy ?©g«l (60^,. %hm 
ii@3.ttng polat #f 1® tak#» t® he ffS f fb© solid 
t'^aasferaatt'Oai is ©videiitly itffiietta toy iapwttl#» asf# thaa 
is tti# a«ltiBg point «sd Is tm 1« fi'S t M®©-, A elos«i' 
•eorr®lati©o hmtmrnm w^oaiit ®f ifflfwplti«« and tli@ a®ltl»g 
P©iiifc -or tr«»«fi5t»aation t®«p#ratOT«# is net possibl® b^eawg© 
of th® Halts of mmmxTrnj ©f tli® eaielia aafi Magnsalioa 
anmlysis. wilting us t«%«r»ln«€ by IMa w®f% la 
IS A®gre»» «b©v» fekt« fW^G* irn,^ toy *®E2« CS9) m eofim of 
®qmiv«l«iit pwrlty, anA tg iiegr«#s b®l@w tli«t r®p0i»t©4 by 
Billy «M fr«b« C^9)« t«ap#»twp# -of tfe# gel id tran-s-
fo«iti€>i} «@r©«i wittola t&® li*£t ©f witl^ ©n® ©f'tli# 
tbr®® fcl|^ fe«Bip«rAtwp® transfopwatlon# fomnd In ©@ri\« by 
hmimra |il) mtiiig Ta.m%tn§ ©@©liag' ©uptos-. WmMm tli« 
tfftiiafomfiti©!! flO^C.,,'t^riers found ®tb«ys; «t ,f40®C. and 
®t ®4§**C. la t©»6 ©«nt ©®,rim ©ontaiBlug 0*CM10-S to 0.§S 
®a 
Tmm If 
umio mmm m ciiiw mb mmtmm 
Im *@lfcln« Boiut, ©tfe«r ftrreatu 
'Gm 
i Heafcins •Qmlimm l^atlaa •csoQiifj^ 
0® 1 fm 
t 0.1 §•2 f01-fO8 
s oa ©••t fSS# 6i6-690 
t. ?i«-f89 H-Ot d«-
^§-§0'? 4t4-49S 
Id t.s 1 • itt-'ssi ait-«4 
* taapl® • m&h tl»@. 
8@ 
p«ip e#]i% ir#ii «itai of eaia%«tnati0o h%tng 
,slli#©R» Wi® whl^h lis reports at f4©*§» 
meulA aot. b« a»€ «aiy m mry slight i]rf'le®tloa ia 
•%h» hmtlmg e^ mM '&« fowai st Mt*€« # ftb® #^ «hp jp»-
p©i»t«a t;rai3».f©»«tl©i3* 
p®list i« ab«i"a% tii« »«» -as tM 'pms »#fe.al^ 
'bQfc tli« sslld 703®C» had 
«pp8®r«di.* m wry tMll, «ap3?«.s% «t fld^C. «»d « lapg®!? 
l>p««k ®t 4ff®5. w#y« -f.omni* §#spai'i.ag %fe®8® rssiilts wiih 
thQs& fQgtl {i®| f©r th# syttta, a 
g©©€ eorF®l«%i0a %«%*©«» the «»#«%» #f th® ©«ri.»-»agn®slnm-
mlmiim mll&j mmA thm& of & 4tlmfc» »mgi3@#lBa «lld^ «ip« 
f©-an4... •&« first mmpmrnt «!;• 61©®i» #®rr#sp©aii- romglily t© tfe« 
#iiit®eti® tmmpmrmWm 632®C» ©f •• ®«ria»»i»iefe »ags««ii»-
Alloy, aai tit# mrrnM^ s% mgmm« #x«etly with 
tb® s©lii tp«o»f©r»atioii «t 4if*e# ©f ttr# a«ga#si«i alloy# 
•9-g«l F®p©i»t®a a lit^ldms t«ap#yatiir« • cff f10®C« fer a 'two 
©®nt Bia-ga®#li» ia mrivm alloy, •^il® m liqmttajs. «t ?88'*C.. 
was f®mia in. tte® pmit ««atE ®agn®alOT~tw© p®i* ©«3Rt 
©aleiti® alley. ' Wb^thmr ttil» awaiis t&,«t #al#iia raises tb® 
litnidua,^ ©F wh©tfe«r th#F« was l««fi a«:ga#siw than fcfe.» «««!• 
ysig is ii.®t ©»rt«la| to&wev&r, si»e« tli« eariw 
«s#i by kJa ©©at«in#t €.-5 par e#at ©te«r rap« garths, M# 
•data Im fcli® 'eerlwrisli all-oy# mmj hm im «»©!•» 
m 
•fk® p-oiut mrmmt. sf mMymi'm waa mrj gradm*!, 
«» is hj the fes^rafemy# F*ng® of 11 €sgr®#s. 
F©*» fcM« .r#«soa a»ltlQg p©l»fe i» -railiftr difflemlt fee 
l©eat«, but i« eo»#:l-i8r®fi t# 'h% t 10%# 1® solid traas-
fowatiena wmr@ SiBe# feb# -smpl# eoiifeali}(®4 ©a® 
P«r ©«Bt sagneglWj it Is proteafel# tbafc ttil« mmemmt of im-
purity will l»e»as.® %&« «©l%li^, rmg» la tis® sa«» staaii®-:^ 
ma oteserwi for e#riwi. Am 41$€mm4 previously, tfe® ©xessa 
aagnealw w«s- m&t T«mm9& fey li©«tiag. t.® 1200%.., tli« ll«it 
©f stability of thm aagn#si« tow^iop<S aolt®a B«'©iyaiw«.« 
Va»Qg frmsuT^ Qt. €®yim 
l®tfcoi an€ %hmrf 
ffl«tboi ns®€ i» tfes 'dut-efffiiaatioa ©f tli# Tspor p.r®.«-
mrm ©f -©©xlw. -wt# i®gi®g%»€ by a pmfelleati®© ©a tli» B«iiswa-
i!i«33t of fchs •wmpmw p3?®s»nr® rmai®a©kiir® «8t«ls 'iisd tli«lr 
©c«poi®#a ly WhtppMt E«if«rt^. Si»jp«do «ai &«ir 0'O-w©pk«rs 
(©)• ^mpm -omtlinei « fm i«t«raining ^ap®i» 
pr«ssiar#s • at t«iBp«F«tTJi»®» «0r3sii«rRlJly 1000%. foi? 
»®tals that aia net mlley wltb %«;®taliM» As pr®*-
floiasly,. it h&s hmm twmA ttoat eeMta, €liyMl-» mnA prob&hlj 
tfe« «tfeep T&Tm «arths -i# UGt «lliiy iritte t«»t«lOT ma& ##»-
s«qia«atly ©omM ba 'by th# wetliM. ipparata® 
«apl©y@€ la tM.» l»'r®stigafci'©B was eonsli«r«bly modified 
tl 
tmm tliat toy a«d 'peseablts asp# 
©l®##!!- tit® l«»s «laboi»«t« mifeii. «©€ toy tMb«fg -(iS) m€. 
•®fcli#rs «#)• Sy r^Ai^laf., %hm eiaplsxlky of fefe® appwrnttta# 
sow#^ l0S3 In eo»v«al«-.»©» «ai wrsatllifcy ««id m mmll 
tm ewr^w vmm Mo*®¥«r,. tb« wait ofetaiati 
wm ««®to .aiwpl-tr t© ««sl«r to «*l»tat!Q, dia 
net r«<ittiipe' «« B»®lt 6xp«.«gi¥# awxiliai^ #fttlpB«Bt.. 
fii® tmpor p»stm»s ctf p.r«s«»tt€ in tbl-a %h&nl& 
wmm hj fch« aetboa ©f »©l«6»lar «ffiisioa, in liaieto 
@«rlOT was «ip@rli:»i twm « -erasiM® throu^ a 
saull • ®rif t®©.| ft of tli® -moliiii-alar b@w pr®d«e«-i w®# 
e.o«d®iia®4 on tto® t'trgefc# Fra»- ©f acerawlatfoa of 
tti® ©a til© t8rg«fe# ttis' gm.mmtwy of syst®a, tb® 
fe«Bp«i»at'ar« of tb®' &mn %hm aol«ci3lar of th« mper 
«ol«©ml«, thm wp®p pmsmwm mmy b« eal©iilttfc®i» 
fli# t>««i© mmmipt^Im^ la ttlsi® is fcbafe th# aiol®-
emles ©ffws® tiiromgli tti® oi»ifi#«. and tF«v«l wt luto %h@ 
eliaate#^ 1®, & pmMetmbl® maaij#i»» ®il« »®ans. tliat wMl# fcfe® 
metloa ©f %h« vapof awleeml^s to %li« eraeibl®. Is ©liaotl©, 
o®ly fe«ftag ft -teflBit# Telo^ttf-iireetloa 
pass tfai?o«#k, ««ttl tk«j liifc walls. ^ •at® 
«©feioQ ©f a©l#eml@s otitsiii® tli® ermei^5l® is a© longer 
©li«©tie» A®0®f#li3g t® feb« ilmMngm ©f ira.i'loms isv«stlga~ 
toips i$§)g %h@ mitmlm will he a€e®Bfltsli«Nl (a| if th® 
M@-Mi fi?«« pafto ®f tli« !B:Olectil«8 is th® ©rueibl# it 
m 
tfeaa ti*«s tli« ^©f (fe) if Wm 
mmmm ff«« p«tii @f thm la *k# tto«Kte«r omtsid® «i# 
i« gfettftf ttoau tM Atsta»# t® b® trawrsti hf %hm 
•ia«il#ewl® h%i&Tm- mmhtng tM# %»««%, sofl {©)• if fcbt i8ol#.©iil®s 
striWsg tli« wlls Sii*# not F»fl«efe«€# aa.A mtimr sap-
pl«a#nt«rj «©»€i%i®iss will hm mmBtAmmA in €®tail th® 
«i@-i*iv«ti©» fe#l©w* 
fli® r«%« ©f «ff««i« i,i ipt«€ilf ©-sleulatdd h-^ ®qmati©as 
o» %fc® Mo®-ti® thmmryrn fh® Bnatber ©f «©l«ewl#a mftua* 
iBg p»-p ioto sa «'ra@m«%«A spa®# tlipo«^ «« «p@rt!iar©, 
a, is simplf the aiai%«i' -of' »l«s, £, ©f «©l«©nlii« wbieli 
sti*lk«t that ^irta ©f tb# eeataiiiiag wall per 
?3.l , <1 « w t « 
in wM«fc is tbe n«»to«r ©f a®i.»s «f g«s p®r embi© e®8tla@t#.3? 
aw# £ is wmlmltj* l^iiiB sqiaftticm ass"w@« {«| tbat 
all feM aol«©ml«it stFiking tfe® mmm will ^ass Vhrm^ %1b® 
•©rifis® «iifi 1%) tte© mnltmm iisirifewtlea of tto® arol®* 
ettl@® «Ra^ tli«iy «lr»eti«»s mm not dii»tiirb@€ %j 
«#% ©f ettusim* tm #©ailfei#» aia#® tli« iatessity ©f 
th® hem p«ssisg tfcroi^. wifie® is d:«ei?®«8®fi 12 per mnt 
if tb® thiekii®«s «f •dg® is diM®#®!* (6§)> 
the yatio &t til® thl®k»«s« tt® «tfi® of tb« ©rifie® %© 
%h« €i«a®t«r i» laf«?%«*• •©eaatti®® nm%smm?f tm 
•stipingsafe f^filli»»t -of »t«ir«»«»t -{to J i® that tli® «p«r* 
twp® tiasmsicsss shall %# s«ikll in ^ap»it©s witfa %hm mm&rn 
tm.e path of the ®®1«®«1«» la If this eonflitioa 
m 
is not will hmm ©lent 
©tttsii# tfe# 0irifie#» Smtestltmting- f/teP fw a, 
m ©b.tal®e<i twm th% perfect gut Im irtilA fc©M« for tto# Iw 
pr«ssmws and fei^ tfwpeFsfcw#® msM, «# foi» f, as-
fj»« %fe# kln«ti® tl5«ory.^ (D beecraess 
(i| % • |»/V2irM 
ia wMsli ^ it 'tb# in ®g» witi, g 1» tfe.« a#l#®iilsr 
weight ©f tfee ^p©ip molecule , J. is %to« ga» e®»st»nt «0d f 
1# til# absolrt# t«iif«?«%•«!»#•• 
fto® irariiitio« ©f £ with eliisng© in iij^estl'Oe ©f tb® 
##li4 a a g 3 . «  w m m  f l f s t  p i p e w o  ® x p # r f * f i s t « . 3 . 1 y  f e y  I t o i a 4 s « i i  ( S )  
a«a i» giwmm £» tb# l«w mt <e.©ti'0««:,t 
(3) «% f 4ja 
wfeieli siaply atatss that the liat#n#ity im&lms per S'Seond pmv 
lanit solid «agl«| ©f wpoF b#«B in m Immmmnt .of -a^lid 
a.i}gl® "wri-es io pi*©poi?ti®a' t© «®si«« of tfe® «»gl©^ 'irltai 
th© nomal to tb« ©rifie®.# Aa lllwstfatios Qf this i»«lati©a 
is shmm by figiiB® t in ufaiefe tJfe# intensity ©f tto® %««« in 
•ay diwefcioa is prop©rti©a»l to %hm dlstaoe® frcai th® '©rifle® 
to th® t«nge»t @lrel#.» Equation fS) will bold ©nly if tli® 
orifie# is %hin that la, if tjb« tfeieteu®.®« ®f tk« 
orifie® ®dg® is s*«ll to tli® <llaa»t®p of th® ©rifie®. 
fb« dott«€ lio« tm Wlgmm # illm.sti»«t®s tb® distritomtioa if 
m ©aii«l-litei -mtttm is nsM. 
•f0 fla€ a i?«l«tl©« r«pf«s@«ti»g th« m^e of coll«etl®Q 
m 
Flgta?® 9» "Pbe teg«lap Dlstribwtios of 
Ko1®6m1®8 Iffuaing frcra a 
Circular Orlfle®* 
fi 
of tb« vapor m tai'gdfe, tlit dlfftrontlal ©qiaatto-u is in-' 
t«p»a%«i mlM mngl® oJP to««» »mbt©Mi.«€ fey th& 
e©lll««t©ip, Sid5stit«tt-«g fm i»%«gr«tingj,. %fe« fol-
l®wing «tm«tl©a is ©totalae#i 
rtx C4} • 1 « \ eos t si® « it 
-jq 
• % si# 
in wMeb 1 Pftpressiots • til# »q1®# per weesd pas'Slug tfcrot^li 
.e-0lli»at«, l«tlwting sla is fe#Hs# ©f th® aistsi»e®, 
i, of ©rifle© %# til® •€®lllMatQi« of -radlms, ®f 
th® eolllroator,and sufettitmtlBg tm £ froa ••q«»tl©is (t) tli# 
hemmmt 
i u ^  m »  ' i>«' . 
y/WWIm- I# 
aaaifflt .etf aat«,ri*3. p«r «««©»€ oa thm foil 
©80 «li« 1»« fr« tb« activity of the s&mplm by tli® 
r«littloi« 
W W « .„. , 
S 1 
la- wM«te £ 1# %b® ••©©rant# p®F alamte of th« safflpi®^ X. 
«3qaos«i^ tt«« 1» i8l»«t9«,- ^ it tfct« «:pp*r«al; speeifle aetlwity 
of fell# aetiv# e^riw ««%«! #at©rial»«4 ©» a teewo ^ 
«®p1w'in ,tfe« «•«» mmmmv mm the eisA 1 la tb® molsemlar 
w©lglit. 
BfWtlaf ©qtialiors (6) |6) «-|}€ gel.viug f©3p 
followlag la wifcli fche «xpr«®««a la 
•4ya»8 per sf«#r« C0ntia«%«n 
m 
J • i-S. 
0oav#Ftil.»g g % m  iiiilt« af' »»• & f  *g, tte# m^pking ©qtiAti#®' ( $ )  
Ig) * £^-.«*|pw fl 4. /<5 2/<a^) (6u)(x#Sil X M^)\S 
l-VttlmSEtlag .feh# eosstanta, «iiS .ualculatlag: tfe® t®M, |1. 4'-
whl^ i« '©.qwi- 'fe® l#®tt wl^t® p®r @.«at mimm 
tto« rati© uf to # is «ppp@xiii«t«ly «#R#taat In all tli#.. 
mm m«M, ®fiiati®a |S) t®-t 
<«» »•(«,. Hg) 
wM©li is tb# stwa«# #<ia&ti©» ms«d i» all tb# ©aJewlatioas 
m tb« data obtainid for ©sriM,# 
•fli® aaswiptloas mm&» i» €«.riiri.ng tto# nbof© ®«iw«ti©» ar« 
11#%®# hmMvi 
( i )  flifl a®an f.ip«« patli of tb» »0l®©ml«« in th© ©raeitole 
is gmatmr thmm 1 tin#! tli« ii«««t«f ©f th® ©rifie«. 
•ffe) ffctt mmmm twm , #*th ®f tfe# «.#l«.@«l@s ia tii« ©'haatedr 
©mtaid# tli« ei^eitsl# is grmt&r thma %b« 41®taae« %©• to® 
traversed fey the molecul# b«f©r« mmhlmg thm target# 
lei fte® vmpm »ol®eml#« ar# «oni®.»s#€ bj th@ walls# 
(€) ®rifie« it thin •^ig«€| tbftt la,. Its is 
negligibly mmmll eowparfii witk its. «Ball«8t dl«a»t«r.# 
(«) fbe «ff»eti're #viipor«ting s«rf*e« is larg® ®«par©d 
tO' tli®.ar«« 0f til®' ©rifie#. 
•Sf 
i t )  is a© r«a©ti©a tmtwmm thm mrlim 
ana tfc« taatalii* ©puclfel##-
Cg) fhm of !• '©v®!! 
ffc) lv»fy mmlmmM «rFivl-ag at th®^ fefiipgtfc Is 
i t )  'fb# a©-l««.ml«r' w«-.lgbli ©f tli« vmpor Is toowa* 
FfuAilft© fig*t« witb tli« «8®««ftl©as a«i«« #oi}e«rnlng 
tte® gmmmtTf ©f fcis# «pip«pata:t-i 
{J| ©rtfie# and eolllai«t©^ «r» "both eilvGuX^T* 
ik) ffe® plaas of t:fe« eollSJifttoF Is p«pall«l to fch# 
plan# of the oi»lfie«, tli® olrol®s feeing e©-«*i®l* 
C I )  ft® @mmm^ oi tfe® Mftterlal ea fell® target ©an b« 
4©%®mia»'i eomafeiag iiaifc-oi«» 
fbmm% 6oa<lifct©ai «pp«ai» to np m stringent moAe of 
hmt la prmtim mmy of tb# faetors «r« »ot too 
eritleml OF eau to® rnppw&mhm-A tmlt« oloisly* l«eb of tto® 
©oiadltioos will T3'« eoi3std«r«4 In d«tall ai^ an «ttefflpt will 
b© aad® to #mltt«%« fch® ©Frors ooc«gl©o«a toy fallnr© to 6»" 
pl«%«lf fill tli» r#i|iili«:a»«fe:S'. 
i & l  I t  tb® a@-«n f w m  p«fek of %hm w&poT »ol«eml«s la 
tfe« er^elM® is gi?tat»p %3i«a fcfe# tlsa«t«r of tis# orlfie®, 
tfe«p« will h% m. flow at tto.® apsrt'ttir® aai 
a t«FljiBl#iit gas |«t instead of .» m&lmnl&w rmf i« p-i«odiaeed. 
Apparently oollislons of • fraotl^ of thm tffmilag 'iBoleo^ilos 
1« or iiMB@Alat«lf la fyo'ut ef tii# ^Ifio® hm tlie «ffe©t of 
ft 
•Ammtng wp |«st thm einaellal®. t© t&im « vap®!* 
ffais mm^m m ©f art « w«ak®«l»g 
©f tli« M-aa, t© -iial tteya («f,| tbis 
1« wry f ©r CA «»«« f»® of ate«s 
in a g«»> If ^«tr' work oa tilt# mm b# ©straF©!®^:®'^ to a 
eiromlar #rifi«i«i# A rowgh «xfi»®ssl©» r©r asas fr®« pati 
ia mwmvj wispew Iss 
^ ig) 
If %lt@ f^©© ®®riMa fftp®r Is appr©3cla«t«ly tbat 
®f mmrmwtjf mmw&lmg t'li© work ^j'-Saawcr aM St®re 
la appliis-«bl«,. %]fe® aptrtur# six® -amA in thmm exprnittmrntm 
wm alwasf# l@»,s thas #ii«-fc«lf tli« ««xla» #11® «llow«4. 
(IsJ Tbm »#@i3 tmm patli ®f ©©riw vmp» at a 
pressure of t x w, -©f Ig is ©a® mt^r M)* 
•fhis It ffl©r« than 10 tiw-« %b« orifl0«"e©ll-laator #l.st®n©«, 
a© no error isli^mM' be tiitroime«a». 
C©) It# « eb®#k agaii}.g,% r«fl«®fe4oJa of vapor moleetales 
fr« %li# w«lls,^ @wry fiftli foil waa left- unexposed to- b« 
m»«d as « telaak. ftoes# blaoks fe»<l an sv®r-Rg« -actitity of 
fl-TO #o-aat-a p«r »laat-® ®r -ulioiat t;br«« t«r e«-iit of th# atetiv-
itj m til# foils* "fb« mmrmgrn of th»-s® hXmnkm wa# used to 
eo-rr«et fcto# r®adiiig»| #@ «n ©f i ® j^r &®mt ©©mid hm 
introd»®l frea tMs f'«e.t©r» 
( 4 )  If ill# «pifie-« ia a-ot thin bwt i».st»»<a 1 m  '  
m short oiraml-ar .eaosl, tb® distritetloa of tb« ifffu-Biag 
m 
a© l0Rg«2' tti© ©©sl»« law# F®f %1te® 
lim In Wigwm- S is « ef fcb® <l«®wa«« 
in iisfetagifej if tlal«tai#s of tfe© ©rifiet twiee tb® 
^'•dlms a# e®Xe«lsfc«€ tof €l«»si»i ISS), In tb® #«'Fiw» stufli®# 
tto® rati® !#%»»©» QTitim «ig® aai %h9 wft* l«as 
tkau % i# a^eorttag %•© Clamtlng'g: itfAlngm Cti) ttii« 
would tfe# %•« intensity ls«s than fiv« p«r e®nt as 
t© tb« St par eent tm « 1 t© 1 rmti®. 
Wmm Figwi*# f., th» iatsnslty is ;gr««t«it «t l®rg® rmlum» 
of th® asgl,.* f, m& it Is «pi>ar#at tliat « s»all solid itagl« 
a'*jfl&t«.ni«<S will F#i"«ei the error idth thlt «ff«©t» 
tm tii« wCT'k fi®i3© m mrimi, tfe® balf aagl® tj. is a»v@r larger 
tlmw t»S 4#gr««si it f©ll©ws tSiat tb® «rr®r ine t# ©rifi©# 
a#pth is l«ss than me p«F @®Qt. 
C«J If tb® «ff@etiv« •wportti«g smrfae# Is sa&ll ®.ot-
pa»fi to tt,« area 'Of the orifi©#,. iiRsmfciBrati©ii «3tl«ts in tii® 
©rttsibl® «a& thm pr#«smr« ^asaret' wowM acst h% tea ©qmllH>rim 
•ap@r p-3wssmra» AeeorilRg fc© Fratar ttia @ffaeti-ra 
®vap®r«ti.i}g twfae® should fea at laast %mm tlaas tfeat &t tlsa 
»ifle«» In werk witb ,m#lt®a matals it «®«as bast to »aka 
this araa rati® 1 to 10^ ta aowpaniata for ivty oxid® ao«tl»g 
floating OS t^a amrf&»a» Ift tlsls lavastlgafelao,#^ 'Kb® rati© 
©f til® ©rlfiee ar©a t© tisa mmm ®f tfe® bett'C®- of the arweibla 
was .graatar tlia» 1 t© 1001 idia®, al,iiea earlw irats taotalwa ^ 
t&e arwalbla aatarlal^ it toas a taafiasay t« a»ep. Vims aiaing 
1§0 
fa ft mlmm m%&%^ svtrface^- I®wr®r, aiiie® 
first ®3E|j«s«»# Ct® i»® Msmmm»A 1» fch# ia<li©«t© 
«3S*t«F«tl«8t^ tMs «»» 1» «ss«»#it fco b® t S 
•e«iifc.* 
if) »# alloying '-wltb ts®feal«i wa# 
fcswa tef €li«»i©A '©r »p««fe*#graphlc An*!!-#!®, ©i> %!- vistaal 
©r ai-©»s©©s>3t« «x«ia«tioii-« 4 fl«#» ,@f -©©Mot to « 
tt-ai «fe®ir# ISOO^C# for S§ li®d 
JR©% €ti«©lv@fl aig^ «#t©rtl»g, %i» efe«ale«l m& sp«.©t]r©-
g3P«pM€ im«lyiti«:. l0%iill0gF«|jl3l#' -©.leaaiwtio® of ® '©©rliai-
liit®3Pf??ce aliew®^. ao #f sll-oying tfe® 
tw® aetal#, and n© ebaag# la tlie atsTfae® #f « t«atal.» 
e,«i©tbl« w«s eams«€ ©©rill* itt 1450 ®c. 
{:gj An «tt«aipt mm Mi# t& otofeal® « tiaifoi® t«i^®ratwr® 
%hvt>n^mi% tbs eraeibl# toy plaeiag iMst&m a eolled ttmgstmn 
hmtmr mxtewMng 2% ©*• &hmr9 «iai tli« eraelfel® m& sw-
i»0«Q«iiiig %fe»- 'immtmv toy a .r»f1.«e%#i»» *afe« walls &t tfe« ©«a©ibl® 
w®r# as a««si"ti a# p##iil3l® t® iissist; in €«®r®a®log 
gjr«€l«B%«:|, b.0W«T»r, this e:®r:r»e%i©» was llaltsi Ijy th« 
»ia« ©f th.© %«a%al«m %-«i* a«ilabl#* Sincr# tb« wmp&r presfniNi 
is a@t«rain©il by %h» coldest wall t©mp«r«tw#, tfe# t«mp«ra-
fenre was Mas-ore^ «% eoia#.it peiat toy plaeiog th.® themo-
^eo-apl® iR « wll ®3cfe«.i3disEg 4s-«p irato feb® hm@ of fcb® €r««ltol® 
withia 1 mm of ttai fairly near %h& ampportiag 
st«* wMela aet«€ aa # hsm% leak:, ft® t«ap©rattir® p®«d is 
mi 
tm glT# a wrj go©d mprmmtmtim of tfe® tsaper®-
ttace ©f tfc® etoFi®» 
A p#»sibl« mtwm &f p«i* -mmt 1« the tempera-
twe »e©«p€«i mmj hmmm, lnti*o#iedd to tfc« gradient 
b«tw©®» tfe# bsttSR and top ©f tii« asswlog a 
g3?aai®iit 'tsi -M®C« «t a terap«r«tw® ®f 
(fe| Slae« Is extremely »©» 'relatll# «t rmm trnrn^^ 
®rat«r«, it Is wmmsm^hle t® tliat it w#ttM eoisiens# 
&m w«fc«i*»©®o3.#i targets, ®»p«elallj mimm %hm mflemtim for 
tb® glmas wails, wMe-fe *»« ®t 40n®c.» i« so lew. Sine® it 
is m Will teoTO f.aet that ©Q8€#n#«-tloi5 ©f »«t«l atoas is »o:r« 
®8»lly #« M«t«l ««rf«©i}s>^ »itai t«rg#ts ©f 
aluffliata w«r# tis©€ fe@ tli« #®rliOT 
la ®3Ep«ri.M©ats tfe®r® is kaown toll® imem» 
plmt® t69|,. it hm hmm f@«aa that tfe» tvmttm sticking €«-
p«»d-s ttp-Q® Hit li3t«R#ity of tfe® fe©«® -of mp&T' motm&ulms* 
Im %hm ai'«i«re»@mts m 6«rii*, t^^ l»t«ii«ltj of tb« b«aa • 
-raried by a fa#t®r ^ 10®« If lB©eiipl«t« •©©ndsBsatioa dl€ 
®eear, th® wark#4. la «»ottiit ®f e©»a«n»sti©a 81i©m1€ 
prodme# « plot ®f log £ mgrnlait l/f« »o smefa 
•ff«©t was obt«ipwd* 
mmlwa. v«f»®r is as8««a %@ mo 
«ii»^ptlo» wMsli is 1» -wl'tli •oTjssr'Wtiens on «11 but 
tk® alkali wital# aay «g«#tiatlo» ®f ©triia 
«t-«t» uremia pr@b«"bly np ms « s©a-liii«ar effect im tb® 
E l/% '"Bils wm n&t ob»&i»ve4:. 
fli« w®ric ©f King Cfl| *ls« tk# atoaie ap«efcr« of 
e@rli3Bai %y vapofliiag .©©fita Is «a el«®tFte firm®® mt t#«p» 
#i»'«tw©8 #f fir« »Q§ %# SWi*C.# jf .ftis® gii»« 
«vli«ne« 1» fawir ®f this asswptl^a,.. »£ae» fe@ mpmtm no 
hmn& sf©©.fci»a wemM mmm^mtlm of, th® eftriim 
afcflMs. 1b%® a©l.®eit.l#a» ' tire nmrnti war® s©*®-» 
wbat- ab-of® fchos® ms»i In tl.« vapor preesmrc a«'iis«r«Bi®i5t,|, It 
•dos® glw ©viieae® %im%' wpor 1« net ftss.o0iat«fi at 
tbis M^#i" t«w|>®F«tiar»4 
;CJ> 'Ito# #ollia«t©f> WW roiaofi wltM'S 0iS p@r e®.at^ wMl® 
tiia orlfte® wat TOms-fi wltliln oa® posslM® 
error was »lBials®4 lay t«iM«g aa awmrmg^ Mm9t@ri 
(k) Sine# t^«f ©Otis® is a slowly nwi^ylng faiietloo at 
sia«ll a«'gl«s, a sll^t *lialig3me»t m aoa-paFallellsa ©f tli® 
o-rlf le# and tli® ooill»ftt©r womM e«ta»« only #»iill errorai 
•Jaowawi*, tbfti'e will ls«. «» «yroy .te® to the irsrlatloa of th® 
ermeibl® posltioa oa tM tiii^at«.a stipport. fteis error Is 
at tw© p&r mnt* 
^te® «!#pors ®W3a®p«t#i »bov« €«« to tmilw^m to mmet tb® 
ideal ©oniltlons, will all «ff®«t tfe« mmwpmj of the ato-
•solmt# valtt® of tfet "rapor pmsMm9^ feat o«ly « f®w will 
affset th« slop® of tii# plot of log £ against 1/^ and eon-
sofweutly th« oal@iiliit«d wmlmm of tli« to««t of «pori2®tl©ai 





fautalwm w&b elios«» «« tTm mtevlml foF^tto 9fiumtm 
TOSSSI ppfaiki'lly tmtm s^ow®# 1% t©te-@ resist­
ant to- «Ilcf lag witib pp©p«rtl#s whieli tmwm^md 
Its use ar# lt« Mgb iB«ltl®f pdlnt, its r^asoiiablj gmA 
»«©liiis®Mltfey #»d lt» property ©f' strmglj to ttmUt 
at « tftRtaiia-taa-taliw iBtarfae# wli«ii M««tet In & wmewm, 
Bw® t© tblffl pro^rty «f eolieslos,, « tfer®ad®€-lia gask«t ©lo-
s-ai*® was iaprastleai s-la#« fm&z® m tte© .first 
^maa Ci|.| ImatemA, m taf.®f»«i lifi pr«««wr® ©l®swre ms 
sstwf, tto# M'ohesim prmwmtlmg any le«»mg#. 
^oag otlt«r • .f«®t©r» that wei?® e.oiisM«F«<l In i»slgalng 
til® ©reeitel® w«s tfe® ©f mnifoM teiap«ratmr® 
aistJ*H!iitl©»«. ffeia • i'iagg®.stt.t tfe« «s-ir ©f Hias-siw era©il(l»s| 
.•feowe¥®r, sim© tli® only t^stitli* «.'rallai3l« w«.s f> Is. 
tb® ermlbl#® wmm ase^tgarHy mtMr thin wall.®#,: baTln^ m 
thie'teiss ,©f Ii/i4 la. -fk® wettiag «ia4 ®OKi#qw«nt s:p.r@adi»g 
of €s» tanfefilMi was maeftd in ©acting « layg® 
gufffte# mm& ®f el@.aa a«t«l|. h.0mv»T, this ftl«o fallnape 
1» twe fiaa# toe««„se @f #«®p«g» -©f t^e ©e'rina a gligbt 
l««k ia tb.# pmwBWpm fii® f«©t tb«t. t«iit«lw ©aa l»® 
«p©tw®li«d ye-aiily iQBa«F e«rb©® tetfa^fclort## p«2i»itt©d 
tli® ««ay »tta<il»«at ©f »n .fceeiMP«t«l.y ppepiiir^d €iFlfle«. 
im 
la %hm t«il^ til# ernelbl® m* oi %tm primary ©#a~ 
sld®Fati0«s was in iMtmiming as. ©Fift©# appjp«xlwtl»g Wm 
Ideal mn&ltlmsrn f^llewlng fcb® pp©e«dw« af PMpps aad bis 
©•©*work«r« i®),. a dig# of •§•••©#-§ 1«» tbiek aai tli# 
saa® •disa«t®r as tint &rmiblm^. wmm 4.impX®€ &t Iti ©xset e®at«i» 
l»y pr«s#w» wltfe a polat of a pl«©o of t©ol steel,, 
file dlapl# w«s gjpQiMi.. ®ff «n « pl®©« ©f lefeyMamlng Polish-
lag Fap®.f j», 0ri% !-»• l/#» a this mmnmt? mm mpprQ'x.im&tmlj 
fciOl'® wit-fe wmrf %]btlR #€g®-s mm oMalwd, fb# &©!«• was 
til® 13 lHiMlsfe«€ toy m timgff:fc«a p#iisfe mhioh had tmm 
fO'»»a 'fey hmmting ®na p«rti«lly diss^lTlag on s<idlti3B nltrit«« 
fit® gflaiimg ®a<S bwBisfelag mm i?«p«at®d until a romi^ b©l® 
#f th« proper .»la« wa# ®Maiii»d* f©. *easm-re tht dlmtter of 
tfe© li©l®, %&« ir-o® &t m. Bmmmmh & Saato »er«w- »leF«©t«r ®y«-
pi©#« w«t ©«llbr«t«€ a Bamsela .It^ 8t»ad«rd It m&* 
al«F«®»t#i? s®«l® 5>1 «tti t.tl wm* Mrtsims% tfe# Riab®F 
©f feYototiosas c€ ttos iipw «%mlr®a f®r t.li» trawrsal ®f » 
dl®»«t«.r ms tfesB foir #ft©li ©f at l@a«t fotar 
tmtmm th® Unless tfen.sa wmlvtea wlthla -©a® 
per emmt %i» Ms© was 
ffc# Mtmstmm v#»s«l '©r crwclbl# wm »«d« of tantalim jp©€ 
I- i»# in 1% wmm «:p-p»xlaat#ly i/# i«» lil^. wltfe 
•a bott«t 1/4 i©. in thickness, ffe# e»altole w»» support## 
Ity -ft 0.060 la* tmnggten wire fit swdgly Its a h©l« Is 
tfe,«f b#ttM of th® «i»iaclble, as .tbewa la Plfwr® 1®» ffe# 
105 
5P0Tl^tLDtD D16C j_J n\TH OB-IFlCfc 
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Figure 10. Design of Bffusion Crucible 
im 
wtm iMflt tk® <ni£%€ f i»lf i®i sfciowfti m 
®lg»« «f saggl^ ©r b-®tidlof wli«» ' ft® eTOeibl# w«.g 
«l«s«ia It. .Hi feavlag m *«!« 4 #r S d«|3P®« tep^r. 
•Hi® tli#rjs.ii@0mpl» wag iiis»irfcei i»i5© « w#ll fa tte# 
feottoa. ®jr tb@ ei^elblii «iifi f«gt®»«d feg M»aag of a feantalm 
i»iig« wtoieti was tlircwgb « li©l« .1«. lib® sid# of thm 
wirll %o jpatfe til# tli#:rt©©o«pl@ tivmlf ag»in«-t tfe« «>isp®si%.« wall., 
•®i® th^wmm&'&pl® wer© tiismi«t#4 toy »®ao# ©f tfela,. 
s.l»gl«»li0l«i |!raF'e#l.fi'lii' l»tttl«feors ©apabl® .©f irltfe,st-«n.<l£ng a 
te«p«?atmr» of 1SIM-®C# -fb® .|wa#ti©« w«s pi»©t«0fc«d again*! 
tfOKtaet witto tant-alia hj m nmrnll pi®e« ©f platimm foil, 
th«»©eo«pl« ms#€ Wits • Sf mmt pl«%i®«B IS pmf 
mnt fti©€Ii*:|. feB>« #ls@ ©f wiF® tt®0d was B lb S !©• t4* 
Ideating, eliwert snd radiation sMeld 
. . ffc« fe««tiag siiMtBt *«g « pr@p«.p«i 
1B». teRg«t#n wi» « m 'tte®»(§.«€ toi«s» aftoflr®.!, with 
1?©^ at « mA beat, ..'^w spirit iewm€ rnmm ia» Mgb, @/l# 
in. t8 tiMi»%#r witfe gtppF©3£i»sfe®ly sixteen rtgnlafly »p«*j«4 
%Q t'l» in#^,. fh® •wii?«# 'r#liifore«d '% §.040 
ia. tmngsfcen ft»ly attaeliM ly wappiug wltl 0.a^S lu. 
t«agat«a ©r #*#!§ la-. mmXj'bAmwm *i».. leads wtj*® w@ld©d 
t© a .short .l«af^ mt 0»®Si ia. miek«l »lr« ®M'0& In t*am was 
w»l#«A te© tfe« t*0ia la... tmagst#» wii»« pusslog %b» 
glass, fte© »hmt l«n.ftt &f .»i#k«l wii»» gaw a »®»stip«'#f 
tm 
pllstelllif t© tfe® leai.» at^ «l€#A la aligfilisf tto® 
uMit# B«f«>ie« %tiagst«:B sp'tritl w®s 
•by fceatlHg^ a %®Mp«r«tw« g»ater lit*® I0§t®C#.' ©», a 
11« f©»» & |5F»gr«ssiW ««ggliig -ef- tb® of ffe© hmmiimg 
was TOtsi «» til© .#©131 w«s malntalnei at lil|^ fe#ap-
«Fat«i^.g# f-o mwld. s«tfciaf, mp •«s|' tli«-ra.al p'wil^sats 4w# t© 
iia«ir«» li#afeit!,.g, %&« ©•oil w«g rtplaced ©aeh wni.» 
•fi» mm mmrn. tmm 0,005 .slie®t 
•i*©3.1@d, tat© a eyliia€«r .S ia« lonQ aiad 1 1/4 la, 1® 
Tk® »®€flsg »&gm mm «ri«p©d togethep :gpot.w®M««l» fw© 
Rielc»l .#mpp0ril:.f mmm sp.#fe %•© tfe® sia®». A 
.114 ©f tantaliffl wltla a 'h&Xm ©f •apppsxlMte.ly t^fe® gt»« 
«ls« ms ttm •©pmo.lfel# *@g©tli«p wltli .a b#%t« «M,©ia witit 
emt fm %hm TOpport 'tui tli® «l©e.tple«l Itadt w»r® al.i# 
p«iiQe® l#«s.#s. ma %© ••®ils% 
|)-©ssltol« 
mSlSE 
fte« .©©m»lsfc®d if « poptiun of .gi-«.ss trntolag ©f 
th® •pr-^«p «1»«. t© fit tfe@ iBsld# ©tinfftt-ar# .®f tb.# SO m, 
@oi3t«l.olag til# slid#, #liwt%.«F iws -attiiclieia hj gla#s 
pod fco a s.«al#d glmss tub® esBtalala-g a pie-e® ©f aiM, 
1% was ©p«p«t;®a hj 'as f#iwsn©»t Mafn«t ©ti'tsld® ftfe# ¥«©«*«• and 
eotild to® -OP ©-losiid in: Istss tw® s«e.©3Qds, 1® 
g«ld«.« w0m Pi quired^ n®p wa« %li#p# mj t-ewAmej to m&m&mr 
OP p©%at« whmn fci» »iiatt.ep w«s -optaed or el.os«d* 
%m 
wm pr«p«r®a frm flat- 3P#11«4 tor®«8 sloe'fc 
l-f- i»* wii# «»d-S/0 Im* tM«k# 'fli« collijaatap hol« *as emi 
with a 4S t«p®r 1» tfe® walls# fto® mnlfe was li#W 
flraly against tim iin€®rside ©f tb# ©©oled slifi® support;., 
g©ll«efe®g 
Flat r®lle€ «t:©#k #f tli# siaa« W.116 as w»®d t« ®ak« 
%fe© ©©lliaat-or »«« wploi-^d la tmhrimting fcto# tajpget to©ld«r* 
flie silfi® 'h&XAmr v&m M i». l®ag with %mm%f S/4 In* 
€rlll«d tbrou^ «t #qimally sp«©«4 lat-errolss, A i6b#tild©r ai-oaisfi 
««©Si li©l#, t© prevl-i# m mmt fm ®««fe t#rg®t,. ws @mt fey m 
1 1®. firlll# A wlii«fe ®p«r«t.«4 fr«« ©ttfcsid® the 
v«ei2-M tiatm^ a gr«ii«€ stais^,«rd t© 
p-all fch® slia« by mm.ms ©f & !©• 14 B S gatig« «tocai«l wir®. 
Will# t&,© aotlon of tfc® alii© e©t*M wot he .r®w®3Pa@€, It 
b© aai. «©ewr«t#ly stepped at m gt-r«n mrnwkm 
. ti-rgsts W9m 1 ia. dlses #mt trsm mlmmlnwm ahmt 
0*01® ia, tblek- iflil©!! Iwt© thm mmmmm &t th@ .slid® 
h^l^mr t«s«rib«d abav®.-
lillg apparatus 
fb® apperatms wa#4. ia th® aeas^raasat ©f tbe vapor pres­
sor© of mviwrn. i« illa8tr«t«€ la Wt^mm !!• fJa# system *«s 




Figure 11. Apparatus for the Measurement of the Vapor Pressure. 
im 
irmtimmitsg ©11 wmp, ffp®' ®126l a5arjufa#tia?e4 hj Mstfl-
l«tl©j3 , tm* 'fe# itffmt-loa pmap had a 
fS per 8@e©nd e% .It"® mm* et ^msmwm mm& h«^i ma 
mltlaat# S x Ifl*®- at. t#*t. A mMh BwoSeml 
»®elia»i@al pi»p ir«s Ti«#-i ms «• bmeldttg pwrnp* immuvms of 10**® 
M.». of Hg ©r to«til«r ««?» .^•feata«€ ^fdf%®r ©mtgaasiisg* 'Si® 
op®rati ag raag® wms beloii S x li*^ w. ©f Ig #.3c©«f>t «t %b« 
ferj begtaulng of -each r^» tmmm »«asttreffl®nks w®r® aad® 
with aa i®atsatl« gaag®, fyp«. »«Q«f«istwr«€ by tM 
Mational l®s®«r®b Corporation.# A ' tli®r»o©«mpl® rmnvm g«»g« 
•ftlao aad® by fcfci® •e-oap«ay w«t tis:®# t® s«®g«r© tfe® TOcatiia dora 
fe© tb® warMag pre®.t«r®« ©f th® ionls«ti« ga«g®» Eh® gsnges 
w«r« ®®.«le€ l«t<i tli® «f st«a at m b«tw«#ij tfe« trap an€ 
tla® gystea. 
fb® «|sp«rat"ai itg«lf eomist®# «f tw# ar»» t© eontaia 
%ls» .e®ll®®t0r, sfe.«tt®r,. ©.©lliwator m€ eo-eliug mmlt., asi of 
& •. Bhovt&r r9T%tml bsrr®! ®eu.ta.lnlag th® f«rn«e« at shown 
la. Flptr®' !!• I© gat#»s w@r« a«e®ss«ry in th® &mt»±dm arata 
t0M® part of tfe® slia® always r«st®i m w«t«r-
©©:©l®d «mpfort «aA pr»^®i3t®d r@fcatlo»« I,«t®ral lllsplae®ae.ni;. 
w«» «'roia®.t by fesvlug « @los« fit b®tw«©i} slid® mnA tb® 
©ORt«laiag ®r]B8» 
•fb« ftarna©®, ©©nslstlng of craeitol®, li«atiag ®l««®n;t «n<i 
reflector w«« supported by fiv® i«» tm.iigst«.a wires «i«t 
w®r® se.«l®d iat© a pmt ®xt«ading iut© 'tb® Tertieal barr®l.» 
Ill 
Jk pmBs s««l ©f pyptac to thm fiv# wlr«@> at 
tlh.# lnt«rfae@ with « thin Im^mw ©f wtuiia glass,> gav® m 
gtti3P%, vae««i. tlgJ^t ®»ml tMt .»©% @»@k i» tmw Months 
of ©onfeiHwom* mmw 'f%m tmmMw of tlie p@»t w» open t© %lm 
«tao'iffe®rt.- ai^ ©oataluai tb# Isads and th®-
e&mpl« outltt, 'fto# po»t was iat# tli« systesw toy ««ai»s 
e l»pp«i standard t-ap«f "J" fS/^ Jotnt. 'ft® |®iat wag. 
w&mA sfemt -wltb f|-«®«l qw %lezoJi vrnx* S<»« trmhlm 'was ®-ii-
e©tmt«i?0A €«« %o motimmimg -of tii« mm wlmm the, fwruae® was 
«t t#apei»«t1s«i*®.a... flifa €iffleml.%f ira« t®Fr»efc®4 by fctfcaeto-
Ing eopper SQollwg flaa areutsi. 1^« tapsr «adl eo-oling witli a. 
strong Mast ©f mi.w» ffe# ©utlefe Off tli# tiit»©©:ompl# eomistefi 
©f a gl«»s %vhm s«ftl#« iat© kh# mmt^w p©st m^S. ©xtsadlug 
ddwn tfc® «®«t®i* @f tbe post lot# mi le# hrnthm, 'ffc® fcl»iwo-
#©Mpl« v©lt®f« ira» broiaght nnt few© §#040 in-* femngsfcen 
wirta «®alM l» fclit tip. tto#m<«i®«pl« wa» aittaeb@d t© 
tti® ti»g»t«n toy s«all %r«.s« ©llfs wM#fe fit smgly thm 
tiii3gst»» wlF«, "She -mtir® |tjii«itl©n w«« topt at t© «wl.d 
•ay ®l0@tr«otlf« tmwm- &m t© «©ijt^»©t ©f 'tli® -ilffer-
#ist ®@t«ls.. 
fb» amxlllaTy lastipi»®«t» «ad app.iEr«tTi.s aay tee elasstfl^d 
s©coril«g t« m»«i f«i f©r .r©g«lattng tl»« h.&mt%.w^ mrs^mnt,. 
{h) foT %emp%rmtwtm mmswpmm»mtf«J t^w a^-tts-aiPtTOBt ©f 
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^ Ifee e-melfelt w«s dbtmi.Bti l>y itsaawing 
%fe# ®ip«Fall bright «f tlb# @.imeltol« fey a».-aa:s -©f a 
«ai »mbfci»aeti»i the fiaptkt &f tlh® feol«» 
4' ^igm^WnXXm coaofcer ImlJ® witto St. *I©a wlafi.ow ppod«®«d 
by th® Wi^tormn Instruraent of Clevel*^, was 
f0r %h® a««s«f«.«at of th# Fa#loaotivlty ^ th® ti«rg®ts» 
fto« wi'ud^w tiad » %M®ta«»s of 1 ag# ptr st««ip® »,• 
wmrm «»€ @©fflot®ia fey * S©«l®,r 
of Si-J ««a«f8®fettp«l toy til# I.»!s-ti'THii«o,fc» S#-ir«l0pi#at 
I,ab-or«tory. 
"yi-tm iri* rt 'm r%'mniMi ft> rl'wewQf'# 
grap-arafelon gf mAimmtlm eerixm mmM^l 
fte« -aetlv# *«-« pi?®p-«r®i by Irraditttlwg l,g gram# 
of etyiiffl- a@.ta.2. is tli« mk Il%® ffe« »®tal wa® 
qmi%« p«r®, ,f.©afeaial,ag its® thmm t.l pmr mnt ©alei« aad 
l«s» thmm. -i-«CJSS i>«r e«a% mmgimmivm* fto® .i»«dlo-aetlv® e«riw 
*®s prodtt©.©-^- by a«'Bfcr©B a-e-©©jpdlag fc® the follow-
i»g mml®m r@a©ti®»« i?S)s 
<»*yKC«3>*^ i" . , a" W^^®Csfr«bl®) 
^ t|,' * Ig.M 
fb# ®n«-pgl®® «f tb® €i#i»t;®gr«tlons mm 
gl¥©i3 lo falsi® Fr« thm th® pya-s«o<iyaiii» mtlv 
1# 
IHmSIliS §F RADTOACTIfl DISINTEGRATIOHS 
& fBl ISOTOPES FORMED 
Sftif lit# f" r ©f 
«»T mm |fS) 
C«3.41 gtfl 
I5^14S 3^g; 
la.Si l.§ aoa# .S 
lis 
itf is s««a tQ to# 6 psi- #»ut; @f of %b« long lliwd 
•©driiffl ls@fe©p@ »t thm %1«# tie mwlvm is rmmmA trm tk# 
r«sctor» It eita to# tlsrows toy eaie^iationt m tlie tomais' #f 
h«lf-llir«s tfe»t «ft#r Haft., ,  tli® %!«• tfc« tinml emmt was 
mm&9 i^ls h«d ^mrnym^ t# 0.#1 ,p«jp ««at of that ©f 
l»#%©p«» ffe« Im mmtivttj of th® 
pi-aia-odyBl^ ta©t#p« i» the- w.«s ©®'nfiF»d hj m 
ftal of tte specifle aettvitf &t thm mwlwm* 
®b» m:9mplm wms allowed t# Ammmy f&r lit b®-
f©r« m^lng tli® fi»«l e#n«t #f t.to« for tb® calemls-
tl«B of tli;« TOp'Off pm&Bnwmrn. -fii# sp««lfi€ astlvltf 'Of tfe« 
raEdio-aetl¥« ©erl-» wss datamiB## «fc tMs tl»« h&%h. frc®-
sttBiplet atm e©i3tttt»ii^ t^e jp®®idual «©tivlty 
aal froffi prmieoiymi^-ffo# s«pl#«^ fw-o aiwplcs ©oiitatijiag 
tb# r«8idTial pr*s««Afaiwi wmm «.#®d.t tes first wai 
as m«t«l. «»i tli»» 'ii*®®!*#*® iu'dilmt® .nitrle aeid 
and Sll«t®d to a 'knmn mmmntmttmi tis« was 
«s ©.(erie oxid« C0«©a) wMeli w*« dlis»ol¥«4 in « to^<ir«Moi»ie--
liy«l:i'©i-©die ®.ei<i »ixtwr« ana tli»B 4ilmted t© a taswij vqIim#. 
8«paF»t« sifflplts -of pv»;«»oiy»i««-f3p«® e©ri»»: pjp®-
pared toy thrae ame®ssiv«' i.^«t« pr«©ipit«tloos of the 
tetra-ritleat e«riia ies» Msmr^lng to B#ldyitg# »i3€ Htm# Cf4)ir 
wh® a^iipt(»€ this s®pmmttm ter worte, tla«a« pr«®ipi-
tatiofts reimm ft «©»t of th,« a-etlTlty 4m to triTftleot 
w&m 'mmtha* Aft«r- tb® pttfifie«tioa #y©l«j th«s# »iswple's 
w@r® pff««ipitat®4 «8 th# #x«l«t« »b€ In ora« «•«« w«tgla«d a« 
lif 
aafi iii tl# •ot&wF ms»s to 
lai® ®3£ii« t&r w®l^ia.g.» fhese sampl#® mm dlssolT«fi «# 
@3eM#s is a liysli*#@bl©rls«'Mydroiodic acid mA dil.mfe®d 
t© 'taiawi «©a©®n%i'ati®©ii* 
Aliqii©t« freii %b# st«aa«i^ gol-utions of tlie sampl®$ wmrm 
tek«B wtfeto « ««€ %ra»sf•««"«€ to tfe# «lOTlnw 
t«rg@t:s,. riBslag tht plpe-t thi^® ti««® aft#,r ©aeh tEraasfei** 
fh# allf«©% «aa wasMsg# #«por»t®d to di^n«ss. Hier® 
was a gll^t mrrmlmm ®f ths mlwmimm hy the w««kly-a@ld 
©#rl» sslmti^osi h0w©f#i»^. th« aetivity of « twapi® pi*©par®d 
ia this M-aiiiQ®!* did not differ apprdeiahly fr« fch« activity 
®f ft saapl© #vapiMfat®d tt> dryness on aliaaiOTW whleh had h@e» 
|sr©tset#d by « thin ««p®a ftJji. -Thit standard »itapl«s s© 
pr©p«r«d^ wir« ©®miit«d ia th# »•«»» w«y «« th® t«-rget« fro® th« 
vapor presstiri immwrnrnrnt^m Of the flv« a«pl®« pr«par#d,^ 
m «gjw®a««t wlthla i p«r &mt wms ©htelned for th« specific 
ftetlvlty of ««rliM:. ^1# ftgr«©ffl@»t that hy dseay-
tn-g throTii^ lila# h«If-llv«a th® pr«s©odyiilwB ©etlvlty was 
r®d«e€d to a«gligihl« mm&mmt** 
F©r purposes of mmsp&TlBrn, « standard ci»p»rl#©®t g-gwpl® , 
was e©fflnt«d with th# targ«t« ohtaln«€ 1® «aeh rm* fh» d«-
er««sf# in activity of this s«apl# w«» «®®d t# ealTOlat® th® 
d«er«-«tse in tl»- sptclfie «eti¥itf ©f th« ©«rlwffl.. W® of 
this 8ta.adard; *3.#© ©oi^«©ted for a»y irarlatloa in th« Qomttmg 
rat« ©f th® li3fit-raa®nt. 
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temt ia « f#w WMM »%• E 10"*®' m« ©f Ig. Mt#? tli® 
first ®xp#awr« %h« wmm "below S x 1te«n- tine 
%'tap«r«%iai'® te®eai» ^eonstant, msia«lly lu fiv« al»at«s if tli® 
ieaptyatw® #33«ng® w«« s»«ll, tM tt»f was sa4 fefc® 
©p@»ii» ?to® fl«@%ii«fe«4 *« M©li as 
€«gi«.## dttrliig %h-® -leng «-::^@s^3P^g, ttlt^©tt^ i-wt shofi iix* 
p0stii»®s 1% helid e®i»ta»t: witMa a«f#yal ®a® 'r«rla-
%1©R wKt ®#rr#et®i for toy trnM-ng r^gsl-iw t#»p®i«a.t«3Pif readings 
®»<S mwQTmglmg thmm, lb«R th» «*p#.iim3?®, was e«pl«t®,: lli# 
t$M®w -was S'tefc ©ff «i»<i the el®«»i«. 'fbs slM« wag 
»©'wl t® a u»w p-oalti®»,. the tftapermtmp® ©h«3Bg#i md tlh® pro-
0«sa fiiF«@ of tim target# spa©«€ «.t r«imlii» inter-
wmlm w®p# aot «:xf©»«4 f#r w«® «s tol«.sto-. 
St®ni«^ 'eomatlog prseeiw^ wm followed with rmpme-t 
t© eow#ctl®n.s. f«* to«elrfroia»4 «i»8 fw,e®tin%®y -res-olmtlosi loss, 
laefe «icp©a«r®- waa. e©«n%#i matll 10 .,000 ecmnts htd l>«e« r®» 
cor(ft@€. 
fli« t!li«'ia»oi^l« wat -@alltoi*«t®i[ fey tls#p»«l an-«ly«ls 
agalait. tfe« «#l%iBf p©lat# «f ©opp#r, 8i.l¥@p •and 'iilek®!. 
e©pp«r asfi sllf#r mitm aslteil 1» a taatalxaa <i.i^eibl® «nd®r 
til® s@m® ##»iitl@iJ8 la -itt^mialog tmpm' pr-mmmv®* 
Ifc bag !>«« r«p<a*t®t |fi| tliat sllwi»'i©@:s not alley with 
feaQtalrai^ an# tJatip® al»© w«-» a® lij-il©«ti®ii ®f alloying wifcli^ 
©opp«r| .IsowsTti'#. a g©ld standard ii«lt«€ In th® #«»«• nanmr 
g«T« d®f£ait® ladleafclotis of filssolving t«iit«lM «al ©qh-
s#qm«atly fch® ia!»r«.«tg for tbls s«pl« mm dlseomoted altfacmgh 
thmj fell ©» tb® dlffer®»e® 11b» wlttela tli« mrvrnt* 
4 f©r ml%lng pmimt S»teraln«-
tl®ii of nle'teli th# wag iowa tot® tb« 
»®tal fi iistiss'©® t® assiir# good tbttiotl e outset* % 
«x|3«rla«33t«lly d®t®iwlaiag %h» poir«y s«tttogs t® p«i—. 
ait tli® »«tal# t« Jm»t wsit tad t© |mst tli© fwrnae® 
t«»p®»tw« fe® «a|mst®'d s« «8 to obtain si*r®st« of 10' 
aln«t®s la 4ttratios» ffe« ii0i«re©tl@» of tto® th®iaoe<mpl® is 
llft®i is If iUDd tfe« tr«s is @btaio®€ from 
ths mrm, Figicp® It, plott®4 fro® tfets® d«ta. 
Mmmsmememt ef tfe® wmp&it pr®ss«r« of mrlim raetai was 
att®m|>t®d ©a six iT<m m l*t .gr-s® jpi«e« of et-riw 
iteleb litta. teeen east ia a calcitM coEii® ©.ymcttel®# reeast im « 
t«»t«l» ermeibl# fw«g»d lat® « i/a ia# tli® mwlwm 
hmS. l5»®» ipradifttM In tfe® 0«k-li%® pil® for m toys. 
iMO«it ©f «s®€ ia «««li Tws t© «-ppr©a:laat«ly 
1§I5 ffilllig3?i«i, -tti® #36aet wei^its w@r@i CD fJ.llO 
(g) #..1§4S gr««, lU §»1SSS gfMSj,. |4| O.OSf? grans, 
|S) .a-fiS gF'ftas, I®I ©.Igg graas. stopl®® W®fs ©«t 
f»is tto® i?od by m pmlT mt slde-@«tt«rs;| tli«y w»r® siagl® 
pl®e®s, bmt wttli small swpf*©# «sr*©k»'tw« t© tli® sw«gla.g 
©perstl^a. s«pl®s w@i*«- toy «®i»«ping wi^ « «&arp 
mt 
fmM '%f 
DATA FOR COWSTBUCTIOK ©f 








mi-m 0- 0 a 
Ag tfiS s*§ 
AiiP" 10S7 f.0 
CStt i0sa- 1073 10 
»1 MS4- 1441- 11 





e o o  aoo 1 0 0 0  14-00 200 1 6 0  0  
e T ErMP 
Pigtire 12. Difference Curve for the Correction of the Platirs-uio-
87 per cant Plstlmam 13 per cent Ebodliai Siermo-
couple» 
its 
fcb® eatlr# mmfm® ©f ths *a« sllwmf 
^gr«y e@l#r -©f fF#-s& ili»y la hmmmm 
%© r«®'rt any oxiA® the »as tii.«n pla@«-<4 in 
« d#sl-eei!tor fr» wbttfe It lot® « ©rwlfel® witfcin 
m hew ®i«,8al»g« 
Im vm-pm pressor# *•€«•, s«apJ«8 CS), 
I#J, «iiA li) fieXi## val'u#g tliat 1B «si?»#a«'30t 
•wltb e«©k •©ttoer# S»ples CI J -aai (6) 'ik#*®# "rapoF pTm9s%xmm 
ttoat were at first cC tk® s-mm ^ m&gal%n&@ as tli©s® ®f 
aa«pl®s CSj# '(4), «wi (5), €«iir«aimd guiekly 
to « B#gligtbl.# tm. -of' th®»« <i#te-iraluatl.o«s, tfc* 
vsetiWB had b»#ii pwtiallf €®st»y«d by tm&tm '^t&h 
h&§. &9vmXmp@€, «bi4 th« s«]pl» !i«t "b#®© ®lowlf oxiiized. fb® 
r-^R' witli i'2} gmvm v«i»©r prit8®«r« valw®.® iiier®«s®d 
rsgalarlj witfe tli« %mt -itoisii w®r« hf « 
faet®r «sf tw© thisa tb@s« 0lJtai:a@4 tmr lat^r rmB^m At fete® 
ei©s« #f tb# ran- It was ofe.i«rv«# ^at @ large «@Mat of th« 
»afflpl.« li»A l0.ttlE«d,. fei-'•©•aplllary aeti#JB, %broi#i th« pr«ssmr® 
€los"ttr® tb® 111 aM ©m©ilbl# fead tto®r«b^ iaer»«s«fi. 
tli« ar«« of th® vapor mommm sM tfe« apparent 
pressw«« 
fli® data and eal©«l«tio«s for tto# ®xpmwns 
»«d« 111- Bun 4 mm (5) »r« gli^«ii in T&hle 11. fto« 
©rlfie® gr.,. •»«» O»0fS6 ©a., tli© ©©llii«at©r <lia3B#ter, 
i was 0»f9Si. mm*p aai tfe# •©rlfie'S-'-e.olllMator distaue#.^ &, 
§ 
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f» tmm FREssuRE m Gmim m^m 
RUI A 
l3!^os»# ^ovmts lP«p«r«» Ttpor p3?«*-sw«- WmiprmBl 




















If! " • 
A6 76 555.5 1623 
A7 60 1167.9 1650 
A8 30 653.1 1675 
A9 554.2 1694 
All 15 655.8 1711 
A12 60 771.3 165S 
413 75 626.2 1636 
A14 100 588.8 1599 
A15 100 316.3 1577 
^C®a. Hg) 
Al# 125 26.1 1494 
Ait 120 28.3 1539 
43# 150 40.9 1657 
A4# 100 43.4 1582 
Alf 120 146.4 1544 
A18 120 97.1 1511 
A19 120 42.6 1473 
km • 150 27.6 1453 
r 
* Cteltt«d fr-cBB ©«l®mlst:i©a of laast; li»« 
las 
m-wS. mt tl»- ptmrnrm m&. hmM fmw tli« first 
®3^©siir«# % tMs til# sdsorMi wmpem mn th® fama#®,. 
emeltsl# ««fl • si#w3.j- mt &t aiit«i»l»l.» 
witbomt imrm-aiw^ lfa« ^««swr«- is %M' •s^pprnmtma i«ffiele«tly 
fe©-©®wg«. «f tfe« mMwrn* Afttr tM first 
®xp#TOi^ tsmp&mtwpm- wbtb immmmeM in sfcepa ©f S®- Mrngmes 
tmtil me iB«xls« t«i^«ratur@'was «fetiiiii«-A* Mxpmnwmm vmm 
%hm aad© mt %€nBp#ifal;wi« lat«i»f«ls i-w® t# fell® ^Iglnal 
starfcli^ t^aptfiitiar® • k% l««st twie® d«i?lng '©aeli tli® 
sMpl® w«s t&-T9^m %© i^Q® t«at#'rat«r®. 
•ffe«-l.ow wmmltm «tB. to« logically «xfl»la©d by tk® a#-
strapti^n tfeiit it ali#it ©:Ei€» laf"»r, pi*^«bly tw&m &mM». .®n« 
trapped 1» mmm§9& wital, ii«i @©lleet&€ on tfe« aurfae® 
©f ®©lt«a wi'tal,. tfe«r«by pr&AmiMg w»g«twatl®i3^ erf" ©«rltM 
fapor ia tfe# cruclbl® ms ils@ias«# lis aas^^tlcHi <«)• If 
this •BBii«@aiag i.s ace«|s%®t.|,. tb® rittlb®r r«g»lar Inere^s®, ©f 
%h® mppmrnrnt ^ap©r prsaswire wltJa tan^jsmtw# wetiM b« 
pla-lii©.#,, f©r .If th@ -oas'itfewsttting •ee.Bflltion remmlms, tim pr®»-
®iir« will 1«- pp@p®i»ti#a t© %h% t#Mp®i»®:fc.wp®. lis®, 
sine# It is toowo tiiat tlit- s^liability oi tfe« ©jd-des ®f Wdl@ 
rmtm mm-tha. mm Jmdgst fr«. ineip®.a,s®s, 
aart£»€ly abev® t'Ms «o.lmtl.#a #f th® ©*M» lay«i* and 
awtos#%m»iit r«a:©val ®f th® as«atw«tifig • l»flii#D#@ wowM steeomut 
for tliB saAi#© disappear«a«® ef iSils @f.f®©t^. sine® a el®.aB 
a®tal siarfa©® w-o»ia to« •^xp®s®fi for «wp.®rati®®, Qn tis«s« 
baa®®, Vhm foiar @«ip.l«s mmm r«J«et«d. 
lif 
Sij:3e« » alS^% mmmt of ta fee in the 
mM-m, tb« «p©y prmm-me of « ©f #®roTa« 
®3itd«- la €#rlw te» li«#a %liis pp©#@«i»« sb©aM 
®gye# wit:M» m. tew #«ii% *H*te l£b® mp&r pr®s®mre of pw]p« 
mTtwm, 
¥mm m l«ma% li»« f@F 1^ A ©a 
CD %h% f©ll.®wini is olttalaftil. i»«l«tlag. ^resswip# 
«is€ til® t9isp©F«%ar®.s 
(It) 3..og|_0 ig) ® # il.tS 
twm wMeli tte® h:®«t Qt wmprnwlzn^lm im «valuat®4 «t 103.S 
kiloeal0ri#8 p»T mA froai. tb# belli og point at 
.fttmoaptotrl© pftssmr# is gtS®®!. 
®h« ^r«»«lt-s #f this flf«t &m #©ii^aratole wltb tlios# 
©tofealntd la -Rwa# B tomt tli« aetiE®! mpor prtssmr® 
is sll^tlf higher* 'l&i# ia attribrnt#! to m w®Tf 
slight l««k t« the toy a s»»ll 
i®<3«int of ^mvlmst a«t*l ia «s #»wf8l .wtlltwit«F l«a;fth ©f 
tii® rnvmlm f#»i«€ hmtmmm IM ^ tsd @yii©ibl«« fbl® w-ms 
set Mreetlj ®xf©s®i t# th© €:#lll««feer, «o the ®ff®et ahoaM 
liST# b<t«s wmTj «i«ll» 
r«s«lts «tf lua B «r® i«©l«t«d in fabl# It for th® 
exposnrmm »«««» la^ tM«. i^iw. tli« •opifie®»®olllBator 
•<lists»e«^ *ai i^ft m*0. th® ©:rifl®« i£a«#tar w«s §.*§ffS &m., 
aa€ th» #©lli»at«r wms 6*f9W &m* 4t thm tin® of 
lis 
*smm it 
fHi mwm fMsss® m m&mm wm& 
sw 1 
Issposi^# Co\3snts TeiaperU'* ' ?«p©i» pressur® Eeeiproeal 
¥.«rgiit tiait per mia. tm?» 
^°®io'«!. ify xio** 
%) " 6 r f.il X lO-"'®. 
IS fS 107?. 1644 3.646 6.0^ 
17 m 743.6 1663 3.664 6.012 
B8 m 463.5 1677 3.682 f.963 
It m 365.0 1694 IT. 757 5,«3 
111 It' 323.3 1702 f.831 5.875 
Bit m 346.2 1712 ^.037 5.841 
BIS m 554,5 1655 3.456 6.042 
B14 ft 306.0 1623 3.097 6.161 





B1 • %m 20.7 1461 f. 719 6.844 
1®# im 16.7 1507 5.631 6 .636 
1^ 45.5 1569 4.076 6.373 
B4« 100 69.4 1^7 4.344 6.223 
B17 125 96.1 1552 T.382 6.443 
B18 1S5 78.0 1531 ¥.286 6.531 
B19 leo 57.4 15^ ¥.170 6.579 
B20 150 43.5 1487 1.948 6.725 
# la eal©ml«tl«3 ef'lwst s«|Wf« Hi}®. 
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Vapor pressisre Reeipr®©«i 
1OS10F-. 
1* Igl * f.Sl * 1§*^  
CI 150 S.f 1433 F.218 6.978 
C2» 125 4.6 1499 •^ .029 6.671 
013 120 178.9 1568 ¥.646 6.378 
C14 120 231.7 1591 ¥.762 6.285 
CI? 120 67.4 1532 ¥.218 6.527 
C20 120 120.4 1546 ¥.471 6.468 
. m £J5 ig) . r f.fS x 1§"^  
C3« 105 17.5 1563 5.650 6.398 
C4» 100 27.0 1598 1'.922 6.2S8 
G6# 76 52.5 1642 4.336 6.090 
C7 so­ 283.3 1686 "^.477 5.931 
C8 ls 296.4 1706 5.801 i.Sit 
C9 10 214.5 1712 3.838 5.841 
Igl • ®,of X 10-® r 
cll it 434.7 1657 ^.439 6.03i 
cli ioq 446.0 1618 3.161 s.ioj 
016 230 27.0 1469 1.559 6,ss4 
cis 120 37.7 1514 5.994 i.®s 
^•0«1 feted Ir ealemlati^o @f l«ast lln®. 
Wl 
tmm li#a't 0i va-f©Fisatlm it it-S.t t l.f klle-
ealor£#« p#r soi«. fks bsillag pelat ,«t fttMospfeerle press'ia?# 
is ftmnA to b« «t mm t m^K, 
'cC lims 1 «®i 0, irtiieh ar® th® two 
unrnmatrnX «xp«ria®.iits, tb# l#es% sfttarss lin® of th® «ipor 
press^i?® «« In feMs was #al®mla%«d, 
wltk %l» p«smlt b«lwi 
(ISI 11 ...S® t 9.2f 
from. wMsli of T«pari#a%i-«i i« t t»0 kil©-
©alofiss ptF • a©l# «ii4' %h® boillsg t©iBp«r«t!Mr® at staesplierl© 
pi^sfi^r® Is tSit t pr®bable ar® ealeulat®4 
tT&m t&e l««»t metbot* 4 pl.mt tis# points obtained 
la Rmaa b- «r3<5 C to %M lemat lia« is glTen 
ia W* "Sam pmimtsp. a®t iis«d 1^ lli# ©alemlation, w®r« 
iml^M f€«p pirp©s«« ©f 
©isetission «f • 
la ®#a8ld®i»iag t:b@ errors .1® a»asuring t3i« nnpor prs-a* 
•s«r« ©f e«ri«®|, It li • #onvenie»t t© r««iPi'®u-g« tJi« eo^'oneuts 
<st rnqmatlm (tl «« t® ttei« tfe« tfp®« mwr&m 
th«.y ai^t introtme#- In 









5.0 6.4- 6.6 
R EC / P R O C A L  TtMPtRATURt 
6.8 J. a 6.2 6.0 
Flg-ure 13. The Yapor Pressiare of Gerii»« Metal. Hae Eafcjj siS Qlven in 
Tables 19 and 2'1, 
^,© statisti««l errors «r# Is, tto# first groiap, 
«rr»s due t© irsrifttions lo'tlh# g««#try vM&h' 
tomt® a #oi3st«ot error %« £ for r« mm 
ffliddl# port'ton, «d tbe errors ia the ©o«sta»t8 «r« gr«^®€ 
in til® last a®oti®a-» Blmm tti® r«s«li« of tw© nas w®r« ^sod, 
ft ao-re or 1»S8 statistical vtr-lstloa- to «11 faetors 
will ©«©wr, 
lrrcr.s of m »t«tittlo«l »attir« «nt«r lot© tli« first 
t®»s «t««tio» (8^1, mmmty £,. sat %, ©^slderiag, 
th© lai^ .«<! low r®gioaii of vapor pT%asmmp ®t IWQ- Ii09-®K.-
<i3qj©siBP®s sf IS «§€ 1® al»tttS8 re»p@'OtiT®l3r w@r® ms«€» fb« 
®rror to opeaiag tli« ito«tt®r is t 0»0ll Mla«t@s, to 
#l0si«g th@ sli«tt«r is t 0.03 minat«g* faMng th« ^prsfeatel® 
#rror la m 'to# root m*m .s^mer# of .tk«s# error», th®' 
error i« t 0.§4S fli®a *t lfiO«l«., tto® ,«rror iatro-
dm©»d to is t 0»3- p«r o®nt «nA 1»#®K* , t •©•©& ptr ©#»% 
ibiob latrotm#®®^ « ®m»> to £ of tli® stw® Mgaltmi®. ffe® 
error im **«gitrlug '2, ii to b® t S®, wbi-eto would Is-
trodmos mm error Ip £ of f ©•!# p®r omst at t Q.t 
per o®at «t 1^#®E. 'ffe® tffi«E®rt8iat^ 1® £ is d®t®raia®i Ijy 
C«| ,tto« at®tl«tl#al fl«otiB^l«i 1® ©o^tlag wMeli, for 
10>®C» ®o^ts,- Is 1 p«r ®«at ih) ^® tt«©®rt»lBty in ®o«ntlag 
tl*, •(Alotowa® »®gllglM®.for tfe® mmm-mmhlj loag eo«nt» 
r«tmir«€,,: '(@1 tit® t®©«rt«iHty ta r®®oltitio«al lo»g«s,. wMeli 
Is «!»©• ®ll,^t Im th® ©omnttag. ran.f® used,. (d) tJa® Bae®r-
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mxpmmsim ®f twitgitt#® «t 4.4 x p&v degr&m €•• «t all 
t#ai>0rati]^«», tlm Imwmmm i© Isagtia of tb® Bnppmt w©til4 
b« 0.02 e«. foy «» av@r*g®. ©®fr«efc£M .In 'Imgth of 0.1€ 
p«r ©#R%. fsKkJjBg i.S X 1#*^ per <i«gfKi« C. all fc««pera» 
tta^s for tli« e®#fflel®«t ^ •sapanal^ia for fcto» taotalia' 
eracibl®, th® ©orreetion wotiM h» * 0.1i p«r e«nt. Ccaablalug 
tto® «rp©rii, a total ©©rrseti^a @f - 0.S4 par e®at .i» tti.® 
c©llia«t®r*orifle® ilstaue® or & e®rr®et,l®» of • O.f p«r 
®@»t In th® pr@ss«r» Is ototitln®€. Ijs' ealeulatli^g tfe® err<» 
to £ froM tb® eliang© Im r*dlm@.,.. r, ®f tli© orlfl#®, tb® eer-' 
reetloa to th« raitms ia * O.QS per e®»t irtiteli glTO.a a eor-
reetioa to th® pr®®siare of - O.t' p®r ©«»t. 
Coa«l€«riiig the l»li®r«nt ®rrorS|,. th® valw® of and M 
are Unmm with, vmek gr««t«r a©'e«r«ey thiw that of th« «xp«rl-
ffl©»t. Of eowr«® £ w®# ©fetaln.»d by asaa»lng th® vapor to to® 
Bono-ateial©, tout this la aot likely to iiitroAtte® an ®rror for 
th® r«asou® iitetiss®# im «#s«B5.pttoa- (l). In th® d®t®iMlna-
tloa of th® sp«olfie ®©ti*lty of tb® «®ri«B tiasd,, ,t.b® 
highest aecuraoy whieh mm to® «xpB®t«4 fey taking 10,000 eonnts 
la a t 1 p®r e®ot statist leal «.@©«r«ey aM mil p«r eent 
eeiwaetrieal aeo«r««y hy ®xaet o«at®rli}g <ar th® foils. It 1® 
prohabl® that, whil® a t 2 p«r e®nt reprodmeihillty was ob­
served in '^ampmrlng th® e©tints of th® ©oaparlsott standard of 
®«rl»!., m aaxiwaB- «eewa®y of t g p®r ©«nt is th® b®st that 
®«» be elalffl-ed i.o ttoi® standard, 'fhls iBtrodwoes an ®q«al 
1.SS 
la 
mhm mmQrm tbat mr® ia tfc® asssfflptlon# 
ar« fe#8© €«® feo » •ia'lati©« i» positl©ii ef tli« ermeibl® 
wMeM lotrMwe# - an ®»©i' t "2 per ©««%,. 8®cl tlios® &m 
%.© tms-afewmtlosi wr® «stiaa%»i »fc t §. pmit 
•e®nt, finally thos® tbat »lgli% b« ©«ms@€ tlh# «©i*r®e-
tion of baekgroand ©n Vhm •fela^ks wkieJi mttre # S per 
eent* 
Tb© tr«a%M«i3t; ab-Qf# als# d©«« a-ot imlai« fefe® «Fror 
ii3tro<iiae©<l to J| fey. tfc« -ip-arifttloa of l/ffor in that 4;r®at^ 
»©»fc ifc was «8siaea that ther©'- w«.s u© error 1» tli« ®«®«mr®-
a®nt of l/Tm However, slise® feb« pr^babl® «rror lu ^ was 
i Z d@gr#«s or ste-owt a t O.g par e«nl! Tariafcl®® in i;fee valia® 
of T, it eaa fe® ahown froa ®qnmtlm IS that tis® eorre-sp©ni-
ing error r®fl«©t«i ia P, 1» f f per e«,i3t* 
k mmmmry of %to« ©rror-g is given In fabl® 21 «afi iadi-
c«t®8 « M®xi»«H «,ii0«rtftinty -©f t #8 per «®nt in tfe® a«ter-, 
iffiinatlon <sf'th« vapor pressures* fh# r©ot wan aquar# awr-
«g@ ©f til® »rror» in fatol® 21, wMeh would giv® th® aost 
probabl® &vv&r if «11 the errors w«re 8tatl#tie®l In aattir®., 
is t 11 3p®r e®nt* Fr«' th® l®a»%- «q«ar@» tre«fei®nt iftiieli 
gav® aquation, li,, it ®«n b® siaow© froffl the eonaist®ney ©f 
tli® »©agws«eat« that th® pretoaisl® error of « singl® valtt® 
of P i# t IS p®r ©«nt, -Hi® diff®r©iie9 hmtwmmm tfe® {>r®dleted 
and tto® »©tttal error ««n to® »xpl:ala«d oa th® basis that sara® 
im 
m. 
Bwmmx m mRm$ ii TO mwm 
pRiism WAsomiiifs 
' • Frotoabi® 
Istwi?® ©f •rr©r whose @rr©r error 1» 
i» lai'olTel P 
. . • • . % 
Iolj®r«nt S t 1 
Sys%#«iifei« 
( a )  I B -  m m & s w m m m t m  #  i t  
ip®" 1 
t 0.© 




Ce| ?«rlati#» ef orifl#© p#sttl^ t t 
Statistical r t Q>t 
f . t O.t 
•e i 4 
Wssatia'atlea t S 
?«rl«ti-o» ©f b-sekfrofsa-i i S 
In t«»p«r«tt3a*« «««aw«E®»t t/T t f 
*ajEiaiiB. total «rr-®r t i8 
rnmt mi$m #rr©r t 11 
31-38' 
of fcfc® ©WOTS are ayataaiatie in n«fcMi»© and vary only b®fcwe®» 
til# tw© rmm and thmt fcto® p-rsdifttdd pf-otoabl® error is sllgbtly 
larg®3? %fa«a t 11 p®!* '©©ot. 
im 
Bvmmx A® eo»eB®si«s 
Til® ©f %h® llgb-t wmt'9 «artia a»t«1.8.,. n«'04y»-
liffl ai3d wm f0i©d to po^sibl© toy th® a®tal-
lotfc«OTle aistbodl first p«-rf«-©t«€ for %hm prtpftpation of 
&mvlim at tM® l«to<»'@toi»y# T'hm w#tal8 w®i»« foraefi fey tfc« re­
duction of th& arifey^romt trtefeloriiss of tli« rmrm ©artha "by 
e»loii» i« 10 -rnxma-B with m of l©€ln« In th® ratio 
of 0,e5 «ol«a to ©a« »©1® %h% @lilorii«-| tb® iodine pro-
the «»«aa li«at r«f«ir«€ to^ ©o^l®t«ly a«lt th® r««e-
tic«i prMtieta «5d. tli-«re'by t© peiwit tb® ia®t«l to s«p^arstt«,. 
fh® j^flmetious w®r© ®a»i©:fl omt in s «t®«l T^oaite lined with 
« siBt»r®i lia® erwolbl#.# Fow teilo^ms of p-«r« e«ri«» metal 
ani 1«S kilograat of aiAyaiia a«t@l W# 10 ^ Pr, 
sBd ^ oth«r rar« #ikrth.»| w®r« also pr«p«p«d by tliis TOtliod. 
©3® rsdttotion ®©thod for tli« prep-aratioa of tfe».s® aetala wa# 
COTplet«ly r®li«fei« irttM no failiar®® lo ®ay redaetion ettempt. 
An &v@T&ge of the mp-prnmnt yi®ldg obtain®^ for @aeli of thea® 
a®tals 1st iO»4 p«r e®ot for esriws. ««»t for neofly®-
iimi fS P«r ®«nt for (OB M«11 .seal® wlier® yi@Ms 
«r® low)I and per mmt for -diiyal-w.. fhe iijgot uetal 
pro€ti©««l in tto.® r«-^:iictlon is w®ll forae-d, with saootli si<l«« 
and top, and fr«® of «».elw€»d slag. lapwitias Introdmeed 
ar« fflaga®siw and ealeiirat wMefe »#r« r«ao'TO<i by vacat® dis­
tillation. 
im 
te ingot of iap«f« yttrlw M, Sa, aini 
^ ®d) *«s pr®|}«r©€ toy the »«a# process.| hammverg th« piPO-» 
@«<l«r© dM. n©t jl«ld witii tJi« ©hlorld® of mom pure 
yttrlwm im$ T, 0 m.,  ^13f* »»« §»)• falluro Is 
afctrlb'iitsd to the hl^ M#ltl»g polat of ytfapliffl wMeli -pra-^' 
¥®nfc«(i tte.® fusion eon«#qia«tly, tb-s eoll®etioa of tlie 
a®t«l* 
•An ®xty«pol«tlo» of tMs method to tb« prepaFatlou of 
8««rim ffl«tal from tli® balM® was tuiaticeossfial. to ®@tal 
©omM 13® ototain«€ hj f«d«etion of tfc® ts?lefcloi»id«, trl-
flttorid® , or trii-odli# of staarlia Ifry ©alelw,. witli «ltli®r 
ioaioe OF potassiOT elilorat® «s "boosters". A small WBOwnt 
of ««tftl was pr®par®<l as « ealciiw alloy by th® redtictlou 
of safflartw dleklorli® by eal®liM| &©w«v«r, it eonlt not b® 
r®e©T©i»«d for r«®a«tl»g» A slae all^ of aafflsrliM was pro-
taad s®parat»d lu low yield# by tlie rednetton of tbm 
wmmmriwi tfioMoi'ld® or trlflmoFlfi® toy ©alol^ with «l«e 
©klofia®. as a ^homtmr", Tmn graws of this alley mre r®~ 
*ov@d trtm fche slag m& F«east to glv® S gfsas of a fwaritm-
riob Mtal ©ontainiag gi*©at0i* tbsa. ® per ©®»t safari®®. 
fb« prapayatloij of sa»ari« netal by tlie ffietallotberole 
pr©e«ss was not p«Ff«ot®€, b-at proof was «stabliab®<i that 
ffl«tal couM b® <Sbtain«d by um® of as alleging agent. 
la at^lm m tfe® p«rifleatloa of tb® setals, mrlvm, 
ueodymlw, prase©dyffllum, and didyuli®, oonsldsfabl© dif-
im. 
tmrmm-m wsf© fowd hmtm&n the paaeti'^lty on eer-amlc &tug-
lbl«s of eerliffli »efc«l and that of the- other ««tala 
in¥estlg«teA» Itoctjalim, prasto-iyBlOT mmA attaek 
refractory oxifl«a at t«»^r«ttir»a sore than IM d®gr©es be­
low th® te«p#ratw« at whleh th© saw# ©xl4# Is stable^ to 
»olt©» e«ri««» In. wtth piabllsh©d It wss foiiM 
that fflaga@aii« ojElflfi was th® aof t aatisfaetory' .refraetoi^ 
oxld« for «8.stli3g th« rar® ®«a?-t.li m«tals.. ©xld® 
was att«C!k-#a by eerl'BP «t 3L0fl§®C.| ealolw® ©xid® .was atabl® 
t© eerli;® at bat wa.g bttdly aroded at 10O6®O. by th# 
©th®r thr®e a«tala 8tT:^l»d.,' Ttm r®fr«otoi^ osdLde »o.st swlted 
for purifieatloB^ distllXatlona l.s aagneslias oxld® which is 
stable iM th® pr«sene« of th# rar« #arth metals wp to 1^0 ^ 0. 
ly heatli^ »®odyffllCT- sad e»ri^ in »agi3«.«ia, th® ealeiOTi 
oontent mm r@dwo®d to. 0>§-i p«r e.«nt Hud th® magn®slt« eon-
t»nt to l«ss than f>,§tS p®r .e«nt for ii«odya£uw mw& I.SS to 
0',02S per o®B.t for ©eritm* ®«t«ls, fflolybdewira and t.anta-
li»„ w«r® inT®8tig«t«d »s ©ruelble aaterials, and fomnd to 
b® .iasolwbl® in th® rmm emttSa a®t«ls* 0®ri'«a was heated to 
in taat-aliM. .with ;no nolmtion of tantal-ua and to 
14©O®0.* in «olybd««iii!, mlWa. no »olybd»ii«» e©iit«iiination. 'Thes® 
metals .are app«r«ntly v®ry rasistant to alloying with th® 
r®r® earths. . fmnt«l»ii ©rtieibl#® were not ms®d for th® pm^i-
fication of e«ritjPB b®eM»« of liadtsd ^»mo«nt of erweibl# 
material «¥ail*bl#.^ biat th®y w©r« superior to «ny tsi th® 
I4i 
©xia® rsfraetorl®® ©n tli« totgit ®f %!» »all seal® eaatiags 
Mad® • 
fli® deniitf of -miPlvm a«%sl «0ntafalng 0,1 per ©-©at esl-
©luM 1« 6»f4f graas p«r e«bl© at 2S®C.,_ wiiil©li 
is 0»04 gpam® p«r etjfel# t«5Q%l»9li©r Itss than th# th«ofetlc-al 
a«»8ltj ©f pwpe mwlvm% its liardta«ss m tfa« Knoop Hardness 
Sell# 1B 2B Mah EORRASPEUIT VM^LJ T© If th@ Brlntll 
Hsrfinesa Seal#, itoll# the li»jrd»#s@ la slightly l«ss tbm 
ttoat fottnd hf otli«rt (f»bl@ 10)» tfc® worfeabllity at ti» matal 
appears .t© Ije less. It mm bet e©W roll#€ in tb® Imptar© 
stats ani §.»g^ *g.)» bmt wh®i} mer® of tli« impiari-
tl«s ar® thm- mallaablllty «l#criifts®s. fb« dlff«r®-«c« 
Is attributed to ©xid# l«pwity i.ijtr©diac®<3 by'r®®etioB with 
tb# erti©i¥l®* 
»®0d]pil» ffl@t«i with O.S per ©®»t 0®l©ii« mnA om per 
e®Et mmgmmim has •dsnalty -of i*9tt wht-eli ts tqmal to th& 
tfe®or«ti©.al density report©! for pur© .i3«My«iiw (14). fMs 
r®smlt ln<li$«t©-s tfa«t the- tte«©r«tleal deaslty may b® Im, 
sine® tfe® lapwitle® in the i^-auM refece its 
density eonslierafely. fti@ li«r€tj®as of m--odjmiim is 4f oa 
th®' Itooop Seal® which is approximately M ©n th® Brluell 
larintss Seal®. 
fh® »®ltl,ijg points -of ®erl*» awd aaedyaliM aatal w®r@ 
d»t»r!nln#«, .C®rii5W,©ontttining a»l to O.t p®r @«at e«lei«ii 
and fl.tS to §.S p«r e®i3t ma^esli®, aelted at f93 t B^Q, 
143 
a a©li€ traiisforaatloR at WS t 10^. k melting poiiat 
©f 8:i§ t 10^0, w«a fo'wja for Beodyal^ a«tal eontttialng 
0,S per e«nt e«lel« otti p©r e«n% aagnesirai. 
The *ap®p prd'ssiar© ©f etriai «i«fcai, frea la"^- t© 
«»• of ws# d®t«miia»d In tfcs tftnperatw# rang# fr« 1460 
to lf20*£# hj m aoiifieatloB of th« ©ffwloa metliod In liJlcfc 
the. iMio«nfe of «®tal. ©on4®»s«t wm attsOTtii bj mm of radio-
aotiir® o®rii^- fii# wpor pr®»sw3?# waa ©ale-wlatM 
frora tfe@ t©fflp©r«t«n^ of tli« -siiapli® ,, th« .g«ea#tj*y ©f„ the syst©® 
md th« qvLmtitj of metal eond«ns®A# The relation bstween 
th« pressors ®a<i temper&tm'& w«s. founfl to to«s 
loil0 = • ll.gfi i 0.27. 
Fr« this ©quatioii, tli« fe#at of -raporigation Is IQf.f t 2.0 
kilooalorl'Sa and tlie boiling polot «t «fcaospto«rie' pregawr® 
is 2699 t 
144 
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